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the approval of the WSU Biosafety and Radiation Safety Committee (BRSC). 
1. B11501 “Use of a portable Raman spectrometer for forensic science teaching & 
research” (15 March 2016 to 1 March 2019). 
2. B13103 "Use of a portable Raman spectrometer for forensic science teaching & 










Traditionally, environmental pollutants are sampled in the field and are subsequently 
analysed via laboratory-based analytical instruments. This is a time-consuming process that 
delays the identification of potentially hazardous materials that may be detrimental to the 
health of investigators, the general public and the environment. It also means that, currently, 
no or very limited information about a material is available to field-investigators. It was, 
therefore, necessary to develop new intelligence-led forensic protocols, whereby, materials 
are immediately identified in situ (at least in a preliminary fashion). This project aimed to 
determine if field-portable Raman and FTIR spectrometers were a viable option for the rapid 
in situ identification of pollutants, and if so, to what extent they could be applied.  
To achieve this, each portable spectrometer was evaluated and optimised to analyse a range 
of materials that are encountered at pollution incidents. For the Raman spectrometer, a 
number of parameters that affect the quality of a generated spectrum could be altered. Whilst 
a universally applicable set of optimal Raman operating parameters does not exist, a 
recommended starting point for analysis was established. When employed, this parameter set 
produces the highest-quality spectra for most samples.  
In addition, the optimal Raman sampling accessory for a range of materials was determined. 
Four available sampling accessories were evaluated in this study: (i) a vial holder, (ii) a direct 
contact probe, (iii) an XYZ stage and (iv) a microscope attachment. Each of these are 
designed to analyse a specific type of material(s) (e.g. liquids, powders etc.). This study 
found that, depending on the type and amount of sample available for analysis, a specific 
sampling accessory must be used to obtain a high-quality spectrum. For both liquid and 
powder samples, the highest quality spectrum is obtained when the vial holder accessory is 
employed. When using this accessory, the vial must be filled at least halfway with the 
sample. This ensures that the laser targets the material inside the vial, and hence, a high-
quality spectrum is produced. For trace amounts of substance, the microscope accessory 
should be used.  
When using the FTIR spectrometer, it is important to make sure that the ATR crystal is 
completely covered with sample as this provides the highest quality spectrum. Although 
small sample sizes may not entirely cover the ATR crystal, the generated spectra can still 
provide important sample information. Small samples should, therefore, not be disregarded 
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for analysis. No other operating parameters could be adjusted on this instrument as the 
settings are pre-established by the manufacturer.  
Once the spectral data generated by each portable instrument were compared to each other, 
they were then compared to the data generated by their laboratory-based equivalents. This 
enabled areas of complementarity and difference to be identified. This approach also 
identified the advantages, disadvantages and limitations of each instrument. Overall, whilst 
the laboratory-based spectrometers provided slightly higher-quality spectra, the field-portable 
instruments are still highly suitable for the identification of materials in situ. They are capable 
of providing high-quality, useable spectra, and they do so in a more timely manner than their 
laboratory-based equivalents.  
To determine whether or not changes in ambient temperature and humidity affect the quality 
of spectra obtained, both portable spectrometers were evaluated at six different environments. 
Each location exhibited different temperature and humidity levels. The selected environments 
represented those in which the spectrometer would typically be employed. It was found that 
the quality of spectra remains consistent between environments, regardless of variations in 
temperature and humidity. To further evaluate these instruments, the portable spectrometers 
were also evaluated at the ‘Department of Planning, Industry and Environment’ (DPIE) 
facility, where blind sampling was conducted. This provided access to materials that had 
previously been encountered at actual pollution incidents.  
The analysis of mixtures was another significant aspect of this project. This study found that 
when a mixture is composed of more than two materials, the effectiveness of both 
spectrometers is significantly reduced. Both spectrometers are also more effective at 
analysing solid-based mixtures, compared to liquid-based ones. In terms of analysing 
mixtures via the Raman spectrometer, the microscope accessory is more effective than the 
vial holder as it is able to focus on a specific particle for analysis. This allows a more targeted 
analysis. The concentration of a mixture will also affect the quality of the spectrum obtained. 
A higher concentration of material will produce a higher-quality spectrum when analysing 
mixtures using both spectrometers.  
In all, when analysing materials in situ, where possible, both spectrometers should be used at 
a scene. Due to the ease-of-use and its (currently) more extensive database, the portable FTIR 
spectrometer should be used first. The results provided by this instrument can be used to 
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verify those provided by the portable Raman spectrometer. This would allow a more accurate 
identification to be made. It is also important to note that whilst the spectrometers may not 
always provide a specific identification for a material, important intelligence can still be 
obtained from the generated spectra. Two or more spectra can be compared to determine if 
materials share a common origin, or alternatively if one material is the source of another. The 
spectra can also be used to exclude suspected sources. Overall, obtaining any information 
about a pollutant in situ is far more beneficial than having no information at all. 
The findings of this project also resulted in the development of a ‘Standard Operating 
Procedure’ (SOP) for each portable instrument. The SOPs will provide investigators with an 
intelligence-led protocol for the rapid identification of pollutants at an incident scene. The 
SOPs can also improve on-site sampling practices and help direct any subsequent laboratory 
analyses. The employment of these portable spectrometers will also enable the most 
appropriate site clean-up method to be chosen and implemented in a timelier, more cost-
efficient manner.  
Ultimately, it is hoped that the results described in this study will provide a strong basis for 
future research on portable Raman and FTIR spectrometers, and their applicability at 





  Chapter 1
Introduction  
 
1.1    Current forensic practices for the identification and analysis of environmental 
pollutants 
 
Environmental pollution incidents are events in which a spill, leak or an escape of a substance 
has occurred (NSW Environment Protection Authority Incident Management 2018). The 
materials involved in these incidents have the potential to cause harm to both the environment 
and its surrounding inhabitants. Traditionally, materials encountered at pollution incidents are 
analysed by highly accurate, laboratory-based spectroscopic techniques, as well as other 
analytical methods. Spectroscopic techniques use electromagnetic radiation to determine the 
identity, structure and properties of a material (Diem 2015; Hofmann 2010).  
Currently, when a pollutant is located at a scene, the sample is collected and transported back 
to a laboratory where it is then analysed by time-consuming instruments. In addition to this, 
the results must then be interpreted and sent to the relevant personnel involved with a case. 
This process can take days or weeks to complete. This time-consuming protocol can delay the 
identification of potentially hazardous materials, which in turn may have a negative, long-
term impact on the health of investigators, the general public and the environment.  
The use of portable instruments, however, can allow for the rapid, in situ identification of 
forensically significant materials that are encountered at pollution incidents. Some of these 
materials may be unstable, toxic or hazardous. Rapidly identifying them in situ will, 
therefore, improve the safety and effectiveness of onsite sampling, resulting in a more 
specific and targeted investigation. This would also allow investigators to determine the 
appropriate level of PPE required at each incident. If an unknown material is encountered at a 
pollution incident, correct decontamination protocols cannot be initiated until the material is 
identified. The use of portable spectrometers at a scene would, therefore, enable investigators 
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to determine the most appropriate site clean-up method in a timelier, more cost-efficient 
manner.  
The employment of portable spectrometers at pollution incidents will also enable in situ 
intelligence gathering. It is important to note that if a portable spectrometer is not able to 
provide a specific identification for a pollutant (e.g., partial or no identification), the 
generated spectra are still very informative. For example, the spectrum of an unknown 
material can be compared to the spectrum of a known reference sample (e.g., a sample from a 
suspected polluting business nearby). By physically comparing the spectra, an investigator 
would be able to determine if the samples share a common origin or source, without knowing 
what the material is. This process can also be used to exclude potential sources and materials 
in question. The intelligence that is gathered can then be used to further direct an 
investigation. Overall, any information that can be obtained about a material in situ is far 
better than having no information at all, which is the current situation that field investigators 
face.  
With this in mind, this study aims to evaluate, optimise and validate two portable 
spectrometers, in order to develop a forensic protocol that will enable the in situ identification 












• Arrive at pollution incident - conduct initial scene assessment  
2 
• Immediate, in situ identification of materials - targeted 
analysis and sample collection via portable spectrometers  
 
• Intelligence gathering - compare spectra of relevant samples 
to obtain critical information (e.g., Do the samples share a 
common origin? Can the source be determined? etc.) 
3  
• Further laboratory analyses - only if required  
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1.2 Field-portable spectrometers 
Recent improvements in fibre optics and electromagnetic radiation detectors have encouraged 
a move towards the analysis of materials in the field, rather than relying solely on laboratory-
based methods (Eckenrode et al. 2004; Smith & Dent 2019). Although the first reported use 
of NIR spectrometers occurred in the 1950s (Santos et al. 2015), the use of field-portable 
spectrometers for the identification of materials in situ was only recently suggested by Sorak 
et al. (2012).  
Spectrometers are analytical instruments that use electromagnetic radiation to determine the 
structure, properties and sometimes concentration of a material. A spectrum is generated that 
can represent a material’s unique ‘molecular fingerprint’. Infrared and Raman spectroscopy 
are examples that can provide this fingerprint (Vankeirsbilck et al. 2002; Zhang et al. 2013). 
To identify the material, the spectrum can be compared to a database of ‘known’ (previously 
identified) materials. If the database contains a pre-recorded spectrum of the material being 
analysed, it can be identified.  
1.2.1 Portable Raman spectrometers 
One increasingly popular field-portable instrument is the Raman spectrometer, which is based 
on vibrational spectroscopy (Lauwers et al. 2014; Vankeirsbilck et al. 2002). When a sample 
is irradiated with a laser, photons of light are inelastically scattered by the material. 
Inelastically scattered photons have a different energy level from the incident photon. 
Inelastically scattered photons can be classified as either ‘Stokes’ or ‘anti-Stokes’ scattering.  
It is important to distinguish between them as they result from two different processes. 
According to Kneipp et al. (2002), ‘Stokes’ Raman scattering occurs when the energy of the 
scattered photon is less than the energy level of the incident photon. When the energy of 
scattered photons is greater than the energy of the incident photon, ‘anti-Stokes’ scattering 
occurs. Anti-Stokes scattering is less intense as the molecule or ion is already vibrationally 
excited prior to irradiation, and the thermal population of these excited species is lower. 
Raman spectrometers are therefore designed to detect ‘Stokes’ scattering. 
The scattered photons contain information about the molecular structure of the sample 
(Vandenabeele 2010; Jacob & Diegner 2018). This phenomenon, discovered in 1928 by Sir 
C.V Raman, is commonly referred to as the ‘Raman scattering’ effect (Figure 2) (Colthup 
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2012; Bhattacharjee 2015). Although it was discovered in 1928, Raman spectroscopy only 
became practical in the 1960s when lasers were invented, allowing higher-intensity 









Figure 2. Diagram showing the process of Raman Scattering (adapted from Bhattacharjee 
2015). 
The molecular vibrations in a system (caused by a change in the material’s polarizability 
when it is irradiated) can be recorded as a spectrum that represents a substance’s unique 
molecular vibrational fingerprint (Faghihzadeh et al. 2016; Vankeirsbilck et al. 2002). The 
‘vibrational fingerprint’ is graphically depicted as a Raman spectrum by plotting the intensity 
of the Raman scattered light on the vertical axis, against the difference in its energy from the 
incident radiation (horizontal axis). Band energies in Raman and infrared spectroscopy are 
usually reported as wavenumbers, with units of cm
–1
. Wavenumber is proportional to energy 
and inversely proportional to wavelength. 
The recent popularity of Raman spectroscopy can be attributed to its many advantages. 
Raman spectroscopy is capable of identifying the molecular structure of both organic and 
inorganic materials (Vandenabeele et al. 2007; Izake 2010) in solid, liquid or gas form (Doty 
et al. 2016). It can also analyse solutions and emulsions. Raman spectroscopy does not 
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require direct contact with the sample; hence, the forensic integrity of an evidence item can 
be maintained (Zhao et al. 2007). In most cases, the technique is also non-destructive (Sato-
Berru et al. 2004; Zieba-Palus & Kunicki 2005) and usually requires no sample preparation 
(Vankeirsbilck et al. 2002).  
Due to these advantages, portable Raman spectrometers have been used for a number of 
applications. In a 2009 study conducted by Jehlicka et al., a team of geologists investigated 
the applicability of portable Raman spectrometers for the identification of organic materials 
found in sedimentary rocks and coal beds. They concluded that portable Raman spectroscopy 
is an excellent tool for the in situ analysis of geological materials.  
In 2017, researchers in Argentina used portable Raman spectroscopy to conduct the first in 
situ analysis of pre-historic rock paintings (Rousaki 2017).  In a very different application, a 
study was conducted in 2008 to determine whether portable Raman spectrometers could 
successfully identify illicit drugs in an airport (Hargreaves et al. 2008). Various drugs were 
correctly identified in situ, making it the first ‘proof of principle’ study for the application of 
portable Raman spectrometers in an airport. 
Portable Raman spectroscopy is also being used for a range of medical purposes, including 
the analysis of body fluids. For example, a study conducted by Premasiri et al. (2001) found 
that Raman spectroscopy can be used to detect and monitor nitrogen compounds in a patient’s 
urine. 
Portable Raman spectrometers have also been used for a variety of homeland security 
purposes (e.g., identification of explosives, hazardous chemicals etc.), and for the 
identification of trace materials at crime scenes (Cheng et al. 1995; Eckenrode et al. 2004; 
Moore & Scharff 2008). 
Whilst portable Raman spectrometers have been used for a variety of purposes, their use for 
the in situ identification of a wide range of materials at environmental incidents has not yet 




1.2.2 Variations of Raman spectroscopy  
Since the discovery of the Raman effect, different forms of Raman spectroscopy have been 
developed. One of the most important developments is ‘Surface-Enhanced Raman 
Spectroscopy’ (SERS). Developed in the 1970s, SERS can detect trace amounts of materials 
that have been adsorbed onto noble metal nanostructures; for example, silver and gold (Stiles 
et al. 2008; Halvorson & Vikesland 2010). It is a very sensitive and selective technique that 
uses the structure of a metal surface to increase the intensity of Raman scattered light 
(Haynes, McFarland & Van Duyne 2005; Kneipp et al. 2006; Sharma et al. 2012). SERS has 
been used for a variety of applications, including as an environmental monitoring tool to 
track and analyse pesticides. The technique has also been used as a genetic diagnostic tool 
and for the labelling of immunoassays (Culha et al. 2003; Haynes, McFarland & Van Duyne 
2005).  As the technique continues to improve, it is also being used for non-traditional 
scientific applications, e.g., in the conservation of historical artworks (Sharma et al. 2012).  
Although SERS is highly sensitive and specific, its use is outside the scope of this project. 
This study will not employ the SERS technique as it requires extensive sample preparation 
which would not currently be feasible for in-field analysis (Lucotti & Zerbi 2007). According 
to Kudelski (2008), the stability of SERS substrates and reproducibility between experiments 
is also an issue, due to batch variations between SERS substrates. It is also difficult to obtain 
a SERS substrate that is clean, has good signal enhancement and uniformity, and also exhibits 
a high level of reproducibility and stability (Lin et al. 2009).  
Another factor to consider in this project is the cost of the SERS substrates. The substrates 
are usually made from gold, silver or copper. These materials are quite expensive and the 
budget for this project is limited. Traditional Raman spectroscopy will, therefore, be 
employed. Traditional Raman spectroscopy is also more favourable for this specific project 
as it requires minimal or no sample preparation (Eberhardt et al. 2015). This ensures that a 
sample can be identified almost immediately in situ, and it will also ensure that the forensic 




1.2.3 Portable Fourier-transform infrared spectrometers 
Portable Fourier-transform infrared (FTIR) spectrometers can also be used for the in situ 
analysis of materials found at environmental pollution incidents. FTIR spectrometers are also 
based on vibrational spectroscopy. When infrared (IR) radiation passes through a material, 
some of it will be absorbed whilst the remainder is transmitted or reflected.  Different 
molecules will absorb IR of specific wavelengths corresponding to the molecular vibrations 
of the sample (Bacsik et al. 2007; Bradley 2018; Mukhopadhyay 2004). To generate an FTIR 
spectrum, the amount of radiation absorbed by the material is plotted against the wavenumber 
at which absorption occurs. The resulting spectrum represents the material’s unique 
molecular fingerprint, complementing the Raman spectrum where available. IR absorption 
depends on the extent to which the electric dipole of a molecule changes during the particular 
vibration, while Raman scattering depends on changes in the electric polarisability. These 
different spectroscopic processes lead to a mixture of similarities and differences between the 
IR and Raman spectra of a sample, making them complementary techniques (Harvey et al. 
2002; Krishna et al. 2006). Since the vibrational mode of a molecule cannot be both Raman 
and IR active, it is important to, where possible, analyse materials using both techniques 
(Hashimoto et al. 2019). This would allow a more comprehensive identification to be 
obtained.    
Although they are complementary, it is important to note that FTIR is better suited for the 
analysis and identification of organic materials, whilst Raman spectroscopy is favoured for 
inorganic samples. Inorganic materials have fewer IR absorption bands and these often occur 
at lower wavenumbers in comparison to organic materials. This results in the production of 
weaker FTIR spectra for inorganic materials (Friedel & Queiser 1966; Derrick, Stulik & 
Landry 1999).  
This study will employ an ‘Attenuated Total Reflectance – Fourier-Transform Infrared’ 
(ATR-FTIR) spectrometer. ATR-FTIR measures the changes that occur in an internally 
reflected IR beam when it comes into contact with a sample. A diamond or germanium 
crystal with a high refractive index is used to direct the IR beam at an angle. As a result, 
internal reflectance occurs and an evanescent wave is created. This wave extends beyond the 
surface of the crystal and makes contact with the sample that is being held onto the surface of 
the crystal. The evanescent wave is attenuated in regions of the IR spectrum where the 
sample has absorbed the IR energy. The attenuated beam returns to the crystal before exiting 
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from the opposite end. The beam is then directed towards the IR detector, which records it as 
an interferogram signal. This signal is used to generate an FTIR spectrum (Bradley 2019; 






Figure 3. Diagram demonstrating the process of ATR-FTIR spectroscopy (adapted from 
Bradley 2019 and Schuttlefield & Grassian 2008). 
One of the most significant advantages of FTIR spectroscopy is its ability to analyse 
materials in almost any state (Stuart 2005). The speed and sensitivity of portable FTIR 
instruments, combined with their ease of operation, means they are now also being used for a 
variety of different applications. According to Dos Santos et al. (2013), portable FTIR 
spectrometers are frequently used in the agro-food industry to determine the ripeness of crops 
so that they are harvested at the most appropriate time. Portable FTIR spectrometers have 
also been used as a non-invasive method of identifying pre-historic plastics that are found in 
rare museum collectables (Saviello et al. 2016). FTIR spectroscopy is also commonly used to 
characterise the structure of proteins (Haris & Severcan 1999; Jackson & Mantsch 2008). 
Another advantageous use of portable FTIR spectrometers has been their application to detect 
the use of counterfeit medicine (Assi et al. 2019).    
In regards to forensic applications, portable FTIR spectrometers are being used to identify 
and compare evidential items such as paint, drugs, explosives and various polymers (Bartick 
2006). They are also being used to analyse bodily fluids at a crime scene (Mistek & Lednev 
2018). For environmental forensic purposes, portable FTIR spectrometers have been used to 
analyse and monitor hydrocarbon contamination levels in soil (Sorak et al. 2012). They have 
also been used to analyse and compare trace amounts of soil recovered from an incident 
scene (Woods et al. 2014). 
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1.3 Research Question and Significance  
Rather than applying these instruments generically to the identification of a wide range of 
materials encountered at environmental incidents, previous studies have focused on their use 
for a single application (e.g., for the identification of a single material). Whilst the use of 
these instruments for a specific application demonstrates proof-of-concept, it is important to 
now show how these instruments can be applied generically to environmental incidents 
where a wide range of materials will be encountered.  
This project, therefore, aimed to determine to what extent portable Raman and FTIR 
spectrometers could be applied for the in situ identification of materials encountered at 
pollution incidents. In answering this question, the two portable instruments were optimised 
and evaluated for this specific purpose, under Australian environmental conditions. As a 
result of this study, ‘Standard Operating Procedures’ (SOPs) for each instrument were 
developed. The SOPs will provide investigators with a forensic protocol for the identification 
of pollutants.  
Identifying materials in-situ (rather than later at the laboratory) also permits the identification 
of pollutants within minutes, rather than hours or days. The rapid identification of potentially 
hazardous materials will improve the safety and effectiveness of onsite sampling. It will also 
help to direct appropriate clean-up methods in a timelier manner. This will, in turn, reduce the 
risk of a pollutant leaving a negative, long-term impact on the health of the investigators, the 
general public and the environment (Eckenrode et al. 2004).  
According to the NSW Environment Protection Authority Waste Classification Guidelines 
(2014), if samples need to be collected for further analysis, identification at the scene is 
essential. Collected samples require specific packaging (e.g., organics must be stored in inert 
glass whereas biological samples require ‘breathable’ packaging, etc.). If the wrong 
packaging type is chosen, the integrity of a sample can be compromised. If the integrity of a 
sample is compromised, further analysis becomes problematic and the results may be 
unreliable. Onsite identification can, hence, minimise errors in packaging and handling.  
Using portable spectrometers in situ will also facilitate sample screening (i.e., determining 
which samples require further laboratory confirmation) (Ryder et al. 1999). This helps direct 
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subsequent analyses as only forensically-significant samples will be collected and subjected 
to further laboratory analysis (Galuszka et al. 2015).  As a result, this approach will save 
laboratory time and resources.  
Law enforcement and national security agencies (e.g., NSW Police, Australian Federal 
Police, and the Australian Armed Forces) can also benefit from the evaluation and 
optimisation of these instruments (Carron & Cox 2010; Izake 2010). Such agencies often 
encounter incident scenes that contain unknown materials (e.g., toxic chemicals and illicit 
drugs). The use of portable spectrometers at these scenes could rapidly identify such samples 
in situ, therefore improving the overall safety and efficiency of the investigations.  
In addition to improving on-site safety and efficiency, the employment of portable 
spectrometers will enable intelligence to be gathered in situ. As previously stated, the 
portable instruments may not always provide a specific identification for a material; however, 
the generated spectra are still very informative. Comparing the spectra of an unknown sample 
to a reference spectrum can help investigators identify or exclude potential source materials. 
Comparing spectral information can also determine if samples share a common origin. Such 
information can be obtained by comparing the peak profiles of samples and it does not 
require a specific identification from the portable spectrometers. Overall, it is far more 
beneficial to have some information about a material in situ, in comparison to no information 
at all. This is the current situation that investigators face as intelligence is only gathered once 
a sample is analysed at the laboratory. Utilising the spectrometers will, therefore, at a 
minimum, provide preliminary information in situ that can be used to further direct the 
investigation. An intelligence-led investigative approach would also improve the efficiency 







As previously stated, the generic application of portable spectrometers for the identification 
of a wide range of materials encountered at pollution incidents has not yet been reported. 
Existing literature in this field has described, in-depth, the application of portable Raman and 
FTIR spectrometers for the identification of a single type of material. It is essential that 
research is conducted to demonstrate the extent to which these instruments can be applied for 
the identification of a wide range of materials found at environmental incident scenes. In 
doing so, both portable instruments were optimised to ensure that the highest quality spectra 
can be obtained in situ.  
Finally, it is also hoped that the results described in this study will provide a strong basis for 
future research on portable Raman and FTIR spectrometers, and their applicability at 
environmental pollution incidents in Australia and beyond.   
1.5 Research aims  
To evaluate the suitability of portable spectrometers as potential techniques for the rapid, in 
situ identification of materials encountered at environmental incidents, a number of aims 
were established.  
A primary aim of this project was to optimise both portable spectrometers.  In order to 
optimise the portable Raman spectrometer, a number of operating parameters were evaluated 
to obtain the highest quality spectra for each material. The quality of the spectral data 
generated by the portable FTIR spectrometer was also assessed; however, no operating 
parameters could be changed on this instrument. To further optimise the instruments, the 
minimum amount of sample required for analysis, when using each portable spectrometer, 
was also determined. For the portable Raman spectrometer, this involved determining which 
sampling accessory (vial holder, XYZ stage, microscope, and direct contact probe) was the 
most appropriate, depending on the amount and type of material available for analysis. For 
the portable FTIR spectrometer, the minimum amount of sample required to produce a high-
quality spectrum was determined.  
In order to determine whether or not portable instruments were, in fact, a viable option for the 
in situ identification of materials at pollution incidents, the data generated by the portable 
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instruments were compared to each other, and then to the data produced by their laboratory-
based equivalents. This process highlighted the key similarities and differences between each 
system, as well as their limitations.  
Another key aspect of this study was to determine if the internal databases employed by these 
spectrometers were suitable for the identification of a range of materials. Initially, the internal 
Raman database was limited in comparison to the portable FTIR. This problem arose due to a 
software error in the Raman spectrometer’s database which prevented newly recorded spectra 
from being added. As a result, the portable FTIR spectrometer was initially able to identify 
more materials. The development of ‘user-generated’ databases, however, improved the 
portable Raman’s ability to identify materials.  
In order to determine the extent to which these spectrometers can be used to identify 
materials in situ, data was collected in the field and at the ‘Department of Planning, Industry 
and Environment’ (DPIE) laboratory. Evaluating the instruments under different 
environmental conditions highlighted the effects that temperature and humidity changes can 
have on the quality of recorded spectra. Testing the portable spectrometers in situ also 
allowed their ruggedness, battery life and overall ‘ease-of-use’ to be evaluated.  
Evaluating the spectrometers under different conditions also highlighted the importance of 
these instruments as in situ intelligence-gathering tools. Whilst the instruments may not 
always provide a specific identification, the obtained spectra can provide essential 
information that can be used to direct an investigation more efficiently (e.g., source 
determination, source exclusion, determining if samples share a common origin etc.).   
To further evaluate the effectiveness of these instruments, mixtures were also analysed. The 
aim of this experiment was to determine if portable Raman and FTIR spectrometers could 
effectively analyse mixed samples, and if so, to what extent. Identifying the limitations of 
these instruments, in terms of their ability to identify mixtures, was an essential aspect of this 







  Chapter 2
Portable Raman Spectrometer Methodology  
2.1 Introduction - Portable Raman  
This chapter focuses on the evaluation, optimisation and validation of the portable Raman 
spectrometer, specifically for its use in identifying a range of materials that are encountered 
at pollution incidents.  
The portable Raman spectrometer employed in this study (Figure 4) was an EZRaman-NP-
785 analyser from TSI Incorporated (California, USA). The laser wavelength used was 785 





. Four sampling accessories are provided with the instrument: an XYZ 
stage, a vial holder, a direct contact probe and a microscope.  The spectrometer incorporated 
three software packages that were used in this study: the EZRaman-NP Analyser program 
version 8.2.0 for the operating system, SPCViewer V580 camera software (version 5.8) for 
use with the microscope accessory and the ‘Spectral ID’ database software (version 9.2) for 
searching of spectra against a library.  
Prior to use, the portable Raman spectrometer was calibrated using acetonitrile (as per the 
manufacturer’s recommendations), to ensure that the spectra generated in this study were 
accurate. Based on the experiments performed in this chapter, a Standard Operating 
Procedure (SOP) was written (refer to Appendix 1). The detailed calibration procedure that 




Figure 4. EZRaman-NP-785 portable Raman instrument employed in this study. 
 
2.2  Instrument Optimisation, Evaluation and Validation  
Despite its ability to provide important information very quickly, portable Raman 
spectroscopy is not yet commonly employed in environmental forensic investigations 
(Spikmans 2019). Not only can the Raman technique detect materials inside clear glass 
containers and plastic bags, but it also provides a safer working environment, particularly 
when analysing hazardous substances. This is due to the various sampling accessories 
associated with the instrument which reduces the need for investigators to touch the 
substance being analysed.  
To validate the instrument, the portable spectrometer was first optimised to determine the key 
operating parameters for a range of materials. To achieve this, the vial holder accessory was 
employed to determine each material’s optimal parameter set. This accessory was chosen as it 
is capable of analysing both liquid and solid samples without any further sample preparation. 
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This ensures that the integrity of potential evidence is maintained and that volatile liquids do 
not evaporate before analysis. Once the instrument was optimised using this accessory, the 
optimal parameter set for each material was then transferable to all other accessories 
evaluated in this study.  
Once the highest quality spectra were recorded for a range of materials, a ‘user-generated’ 
database was then developed. The sample types that can be analysed by each of the 
accessories and the minimum amount of sample required for analysis using each accessory 
were also determined. The instrument was then employed at a number of different locations, 
each exhibiting different environmental conditions, to determine if temperature and humidity 
influenced the spectral quality. The environments included a standard science laboratory, a 
mobile laboratory, a cool room, a warehouse and an open field. Comparisons with a 
laboratory-based Raman spectrometer were also performed.  
2.2.1  Sample selection  
Due to the nature of the technique, Raman spectroscopy was evaluated using a sample set that 
included a range of different chemistries and volatilities, rather than matrices. Mixtures of 
materials from the sample set were also analysed to determine the reliability of the results 
obtained, as Raman is considered less reliable for the identification of mixtures.  
Thirty-one materials that have previously been encountered at environmental pollution 
incidents were selected for analysis (Table 1). These materials were chosen as they have a 











Table 1. Sample set used in this study 
Liquid Samples Powder Samples Whole solid samples (non-
powdered) 
1. Vegetable oil 
2. Sunflower oil 





8. Fish oil 
9. Petroleum (RON 95 E10) 
10. Engine oil 
11. Hydrogen peroxide 
(10%) 
12. White paint (Dulux vivid 
white) 









21. Plain flour 
22. Sodium bicarbonate 
23. Silica 
24. Nylon (orange) 
25. Cotton (white) 
26. Polyvinyl chloride (PVC) 
27. Polyethylene 
terephthalate (PET) 
28. Polyethylene (PE) 
29. Black tyre rubber 
30. Dry white paint (Dulux 
white base) on a 
microscope slide 
31. Dry white paint 
(Taubman’s white) on a 
microscope slide 
 
The powder and liquid samples were placed into transparent 2 mL glass vials, filled 
approximately three-quarters full. No sample preparation was required for the whole solid 
samples. 
2.3 Portable Raman Spectrometer – System optimisation 
The portable Raman spectrometer has three operating parameters that can be changed, which 
affect the quality of the generated spectra. The first parameter is the integration time, which is 
how long the CCD detector is exposed to the Raman scattered light. The second parameter is 
the averaging factor which refers to the number of scans the instrument collects before 
combining them to form one averaged spectrum. The final parameter is the box-car value. 
This is a smoothing algorithm that reduces the level of noise in a spectrum.  
To determine the optimal operating parameters, six different combinations were evaluated 
(Table 2). These parameter sets were determined in a preliminary study. Each sample listed 
above (Table 1) was tested using these parameter sets to determine which set produced the 
highest quality spectrum for each sample.  
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Table 2. Range of operating parameters evaluated for the analysis of materials using the 
portable Raman spectrometer 
Operating Parameter 
Combination 
Operating Parameter Values 
Run time (determined by the 
instrument – based on 
operating parameter values 
used) 
1 
Integration time (s): 1 
Average: 1 
Box-car: 1 
Run time: 3 seconds 
2 
Integration time (s): 5 
Average: 1 
Box-car: 1 
Run time: 7 seconds 
3 
Integration time (s): 10 
Average: 2 
Box-car: 1 
Run time: 23 seconds 
4 
Integration time (s): 15 
Average: 3 
Box-car: 2 
Run time: 48 seconds 
5 
Integration time (s): 20 
Average: 5 
Box-car: 2 
Run time: 1 minute, 45 seconds 
6 
Integration time (s): 30 
Average: 5 
Box-car: 3 
Run time: 2 minutes, 24 
seconds 
 
2.3.1  Optimisation of scanning parameters for liquid and powder samples 
The liquid and powder samples were prepared in clear glass vials and separately placed into 
the vial holder accessory. The portable Raman probe was fitted to the accessory and screwed 
tightly in place. The probe and vial holder was placed on a flat bench for the duration of the 
analysis.   
The operating parameters of ‘set 1’ (Table 2) were entered into the EZRaman NP Analyser 
software. The laser power was turned to ‘MAX’ (500 mW). If detector saturation 
immediately occurred for a sample, the laser power was reduced and it was re-analysed. 
Saturation was visible when the spectral peaks exceeded 60,000 counts as this is the 
maximum intensity that can be recorded by the spectrometer.   
To record a spectrum for each sample, a ‘single-scan’ was selected. Whilst the spectrum was 
being generated, a stopwatch was used to record the run time for each parameter set. Each 




Each sample was then analysed using the remainder of the parameter sets described in Table 
2 (sets 2 to 6), using the same procedure.  
Vegetable oil could not be analysed using the established parameter sets (Table 2). The CCD 
detector was saturated when using these parameters, even at a low power setting; therefore, a 
useable spectrum could not be obtained. As a result, a different set of parameters were 
designed to generate a useable spectrum (Table 3). Maximum power intensity was used in 
this case.  







Set 1 to 6 (Table 2) Values - as per Table 2 As per Table 2 
7 
Integration time (s): 1 
Average: 5 
Box car: 1 
Run time: 8 seconds 
8 
Integration time (s): 2 
Average: 5 
Box car: 2 
Run time: 13 seconds 
9 
Integration time (s): 3 
Average: 5 
Box car: 2 
Run time: 18 seconds 
 
2.3.2 Optimisation of scanning parameters for whole solid samples  
To analyse the whole solid samples (non-powdered ones) (Table 1), the XYZ stage accessory 
was used (the whole solid samples could not be placed into vials). The laser probe was fitted 
into the allocated position on the XYZ stage and secured into place using the tightening 
knobs. A standard focal distance of 7 mm (between the sample and the laser probe) was set. 
A rubber ‘light trap’ was placed around the end of the laser probe to reduce the amount of 
extraneous light reaching the detector. Extraneous light can introduce noise into a spectrum 
and, hence, decreases its overall quality.  
Each sample was individually placed on the XYZ stage, directly in line with the laser beam 
path. The respective operating parameter combinations (Table 2) were entered into the 
software. The laser power was turned to ‘MAX’ and a single-scan was conducted. The power 
was reduced if detector saturation occurred.  
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Nylon and polyethylene were analysed using the direct contact probe accessory. When 
analysed via the XYZ stage, the spectrum of the stage was being recorded and not the sample 
itself. To analyse these samples, the direct contact probe was held against the materials for 
the duration of each scan.   
2.3.3 Spectral evaluation criteria 
When all spectra for a sample had been recorded, they were analysed using Spectragryph (v. 
1.2.8, Entwicklung Software, Germany) spectral data analysis software. The six spectra (one 
spectrum per parameter set) for each material were overlaid for comparison. 
To determine which parameter set produced the highest quality spectra, the spectra for each 
sample were assessed using the evaluation criteria summarised in Table 4. These evaluation 
criteria were used to assess all spectra generated in this project.  
Figure 5 demonstrates how the quality of a spectrum was evaluated using the evaluation 
criteria. 




Strength of the signal intensity 
 
(i) Portable Raman spectrometer – maximum recordable intensity is 60,000 
counts.  
(ii) Portable FTIR spectrometer – maximum possible absorbance is 1. 
2 
Presence of detector saturation – occurs when too much signal is recorded 
(above the detector threshold) 
3 
Whether or not a sample can be identified by the database and the overall quality 
of the database match (hit-quality position).The database will suggest a list of 
the top 20 materials that the sample may be. The first suggested material has the 
highest level of certainty, whereas the 20
th
 suggested material has the lowest 
level of certainty.  
  
 The spectrum’s match value is also considered. The match value indicates the 
certainty of the provided match to the database. Values are reported between 0 
and 1. A value closer to zero indicates stronger certainty in the match. 
4 
Qualitative assessment of peak shape, sharpness, level of noise and 
presence/absence of baseline distortion 







Figure 5. Spectral data evaluation criteria used to visually assess the quality of a Raman 
spectrum. Important aspects that were evaluated included: signal intensity, peak shape and 
sharpness, presence of baseline distortion and level of noise. It is important to note that sharp, 
straight-line “peaks” are instrumental artefacts that are caused randomly by the instrument. These 
should not be considered when interpreting or comparing spectra.  
 
2.3.4 Results   
This experiment aimed to determine the optimal operating parameters for a range of materials 
that are encountered at environmental pollution incidents. Three parameters were evaluated. 
The first was the ‘integration time’.  It was hypothesised that a higher integration time would 
produce greater signal intensity – but, only to a certain extent. If the integration time is set too 
high for a specific material, detector saturation can occur. This occurs if the intensity of the 
recorded signal is greater than the maximum intensity count that can be recorded by the 
spectrometer (60,000 counts).  
The second parameter was the ‘averaging’ factor which is altered to improve the signal-to-
noise ratio of a spectrum. It was hypothesised that a higher averaging value would produce a 
higher quality spectrum (higher signal-to-noise ratio). 
The final parameter evaluated was the ‘box-car’ smoothing parameter. This is an algorithm 
that smooths out a spectrum by reducing the level of noise present. Higher ‘box-car’ values 
Sharp, straight line 
“peaks” are electrical 




are expected to produce smoother, hence, higher-quality spectra, however, too much 
smoothing can result in the loss of fine spectral detail.   
In addition to these three parameters, the run time was also considered when determining 
which parameter set was optimal. A parameter set that produces a high-quality spectrum in a 
shorter amount of time is desirable. This is because, at environmental pollution incidents, 
unknown materials may be toxic or hazardous and it is, therefore, necessary to identify them 
as soon as possible. A shorter run time would facilitate this; however, a high-quality spectrum 
is still required to ensure the correct identification of unknown materials.  
By comparing the peak intensity, peak separation, presence or absence of CCD detector 
saturation, signal-to-noise ratio, baseline distortion, quality of the match to the internal 
Raman database and the run time, the optimal operating parameters for each material were 
identified. As indicated by the results summarised in Table 5, the optimal operating 
parameters vary depending on the sample type. However, for 20 of the 29 samples, the 
highest quality spectrum was generated when an integration time of 15 seconds was used, in 
combination with a box-car value of 2 and an average of 3 scans. Note that the rubber tyre 
and salt samples could not be included as their spectra were of very low quality regardless of 
the parameter set or power level used. The rubber tyre also ignited when exposed to the laser, 
even at low power.  
Although it would be optimal to have one universal set of operating parameters, applicable to 
all sample types, this is not possible. As shown by the results of this experiment, a scene 
examiner will have to alter the parameter set for each sample they encounter at a pollution 
incident. Since samples may also be of an unknown composition, it is suggested that an 
integration time of 15 seconds, an average of 3 scans and a box-car value of 2 be used as a 
starting point for the in situ analysis of materials. Adjustments can then be made based on the 
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Table 5. Summary of the optimal operating parameters for each of the materials analysed 













Dry paint ‘A’ 
Dry paint ‘B’ 






Liquid paint (Dulux vivid white) 














Petrol (BP 95 E10) 
Automotive fish oil 
Sunflower oil 
Polyvinyl chloride (PVC) 
Polyethylene (PE) 


















Figure 6 provides an example of how the optimal operating set for one sample (methanol) 
was selected. The highest quality spectrum for methanol was generated using an integration 
time of 15 seconds, an average of 3 and a box-car value of 2. The spectrum generated using 
this parameter set had a higher signal-to-noise ratio than the spectra generated by parameter 




When compared to the spectra generated using operating parameter sets 5 and 6 (Table 2), 
only a minor increase in peak intensity was detected for methanol, whilst a longer run time 
was required. The match quality against the internal database also decreased as the intensity, 

















Figure 6. Spectra for methanol generated using six different sets of operating parameters 
(Parameter sets 1-6 are represented by spectra A-F respectively).  
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2.4    Portable Raman spectrometer – Sampling accessories, sample types and amounts 
required for analysis 
Samples at an environmental pollution incident will be encountered in a variety of forms 
(powders, liquids etc.). For this reason, various sampling accessories have been developed for 
use when analysing materials by the portable Raman spectrometer.  
Four available sampling accessories were evaluated in this experiment:  
(i) An XYZ stage 
(ii) A vial holder accessory 
(iii) A direct contact probe and  
(iv) A microscope interface (TSI Incorporated mViewer-785CX3). The microscope 
interface was connected to an Olympus microscope (model CX31) fitted with 10x, 
20x and 40x objectives.  
Six samples were selected for analysis: two powders (starch and paracetamol), two solids 
(whole paracetamol and ibuprofen tablets) and two liquids (methanol and sunflower oil). To 
determine the optimal accessory to use, depending on the type and amount of sample 
available, each spectrum was analysed using the Spectragryph software. The spectra were 
compared using the evaluation criteria explained in Table 4.    
2.4.1 Accessory 1 - XYZ stage  
The Raman probe was attached to the XYZ accessory (Figure 7). The XYZ stage allows for 
the accurate placement of samples in line with the probe. The working distance between the 
XYZ stage and the end of the Raman probe was set to 7 mm. A background spectrum of a 





Figure 7. Raman probe attached to the XYZ stage. 
 
A small amount (approximately 0.8 g) of each sample was placed onto separate microscope 
slides. Each microscope slide was placed directly underneath the Raman probe on the XYZ 
stage (each analysed separately). The optimal operating parameters of each sample were 
selected (Table 5). The rubber ‘light trap’ was placed around the probe prior to the Raman 
spectrum being recorded. The laser power was turned to ‘MAX’ and a single-scan was run. 








2.4.2  Accessory 2 – Microscope interface  
The Raman probe was attached to the microscope accessory (Figure 8). The microscope was 
connected to the spectrometer’s in-built laptop to allow the use of the ‘Microviewer’ imaging 
program. This program uses the in-built camera in the microscope interface and shows a 
visual image of the sample under the microscope. Once in focus, the sample is ready for 
Raman analysis. A ‘background spectrum’ of a clean microscope slide was recorded. 
 
   






A small amount (approximately 0.8 g) of each powder sample was placed onto a microscope 
slide. The microscope slide was placed onto the microscope stage and focused using the 10x 
objective lens. The optimal operating parameters (Table 5) for each sample were set into the 
instruments software and a light-reducing box placed over the microscope accessory. The 
laser power was turned to ‘MAX’ and a single-scan was run. The spectrum of each sample 
was recorded. This procedure was repeated but with approximately 0.4 g of each sample. 
The same procedure was used to analyse the liquid samples. Instead of approximately 0.8 g 
and 0.4 g of samples, 2 mL and 1 mL of each liquid were analysed. To analyse the tablet-
forms of paracetamol and ibuprofen they were placed onto a clean microscope slide and 
analysed using the procedure outlined above. 
2.4.3  Accessory 3 - Direct contact probe lens 
The direct contact probe lens was attached to the end of the Raman probe to allow sample 
analysis by positioning the laser directly onto a sample (or its packaging). Approximately   
0.8 g of each powder sample (starch and paracetamol) was placed into separate plastic zip-
lock bags. Plastic zip-lock bags were used, as powder form materials (e.g., illicit drugs) are 
commonly stored in plastic bags at incident scenes. The zip-lock bags act as a surrogate for 
the plastic bags that would be encountered at a scene. A background spectrum of an empty 
plastic zip-lock bag was recorded. The optimal operating parameters for each sample were 
selected (Table 5). The direct contact probe was pressed onto a region where the material was 
clearly visible through the bag. The laser power was turned to ‘MAX’ and a single-scan run 
was selected. The spectrum of each sample was recorded. This procedure was repeated using 
approximately 0.4 g of each sample. 
As liquids such as methanol and sunflower oil are commonly recovered from incident scenes 
in glass or plastic containers, approximately 2 mL of each sample were placed in separate 
glass vials for direct-contact analysis. The same procedure as above was used to record the 
spectrum of each sample. This procedure was repeated using approximately 1 mL of each 
liquid sample. The tablet-forms of paracetamol and ibuprofen were analysed by pressing the 
direct contact probe against each tablet for the duration of the analysis. The direct contact 




2.4.4 Accessory 4 - Vial holder 
The vial holder accessory connects directly to the end of the Raman probe and allows 
samples to be analysed in small glass vials (Figure 9).  
 
 
Figure 9. Raman probe attached to the vial holder accessory. 
 
Two samples were analysed: one powder (paracetamol) and one liquid (methanol). Two glass 
vials were used and the point where the Raman laser directly hits the glass vial (i.e., the 
laser’s direct path) was marked on each vial. A range of different sample amounts 
(representing volumes above and below the laser mark) were analysed to determine how 
much sample should be in the vial to produce an optimal spectrum. The amounts analysed are 
summarised in Table 6 and are visually represented in Figure 10. 
  
Vial holder  Raman probe 
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Table 6. Range of sample amounts analysed using the vial holder accessory to determine the 
optimal amount of material required for analysis 
Sample range 









Full Vial 2 1.6 2 2.6 
An amount above the 
laser’s direct path 
0.5 0.4 0.5 0.7 
An amount directly in 
line with laser’s path 
0.4 0.3 0.4 0.5 
An amount below the 
laser’s direct path 
0.2 0.15 0.2 0.3 
Note: The mass of each sample used (in grams) depends on the sample’s density. 
 
 
Figure 10. Vial used for the analysis of samples using the vial holder accessory. Four 
different amounts of sample were analysed as indicated. 
 
The first vial was filled with approximately 2 mL of paracetamol and then placed in the ‘vial 
holder’ accessory. The sample’s optimal operating parameters were selected (Table 5), the 
laser power was turned to ‘MAX’ and a single-scan run was selected.  
The same procedure was used to record spectra when 0.5, 0.4 and 0.2 mL of paracetamol was 








Accessory one – XYZ stage  
For the XYZ stage, it was hypothesised that this accessory would be optimal to use when 
analysing powders (> 0.5 g) or whole solid samples (e.g., drug tablets). It was found that the 
highest quality spectra were recorded when a whole tablet or more than 0.5 g of powder was 
analysed. When less than 0.5 g of powder sample was analysed, the spectra were of lower 
quality. All spectra are located in Supplementary Appendix section 2.     
Due to the transparent and volatile nature of many liquid samples, it was hypothesised that 
the XYZ stage would not be suitable for the analysis of liquids, regardless of how much 
sample is analysed, as these samples evaporate before a spectrum can be recorded. Although 
non-volatile liquids do not evaporate, the laser is transmitted through the material and, hence, 
the spectrum for the XYZ stage itself is recorded. Figure 11 shows the spectra of methanol 














Figure 11. Spectra of sunflower oil and methanol generated when analysed via the XYZ 
stage accessory. 
 
A) XYZstage_sunflower oil_above1ml 



















These results indicate that the XYZ stage is not appropriate for the analysis of liquids, 
regardless of the type or amount of sample available. This accessory is, however, suitable for 
the analysis of whole solid samples and/or powder samples when more than 0.5 g is 
available. 
Accessory two – Direct contact probe 
Since the probe is used to measure samples through a thin barrier (e.g., glass vials or plastic 
zip-lock bags), there is a greater chance of irradiating the sample inside the container if more 
sample is present. As shown by the results of this experiment, the highest quality spectra 
were obtained when a whole tablet or more than 0.5 g of powder was analysed.    
When analysing liquids in a vial, using the direct contact probe, at least 1 mL of sample must 
be used to record high-quality spectra. If less than 1 mL is used, low-quality spectra are 
generated and the sample cannot be correctly identified. As suggested by Diz and Bakeev 
(2018), to analyse liquid samples it is recommended that the vial holder accessory be used 
rather than the direct contact probe, as the vial holder is designed to reduce the amount of 
extraneous light that enters the spectrometer and, being an enclosed system, it is also a safer 
procedure. It is also important to note that dark materials (e.g. black tyre rubber) should not 
be analysed. Since the laser is in close proximity to a sample, dark surfaces will absorb the 
energy from the laser and quickly ignite. This is not only hazardous but it can also destroy the 
evidence item, and hence compromise the forensic integrity of a sample.  
Accessory three – Microscope interface accessory 
The microscope accessory is designed for the analysis of small amounts of sample that cannot 
be analysed using the other available accessories. As the results indicate (Figure 12), when a 
small amount of powder sample is analysed (< 0.5 g), the instrument is able to correctly 
identify the sample, and a strong hit-quality is obtained. The use of this accessory also results 
in the production of high-quality spectra that contain strong signal intensities, sharp peaks, 



























Figure 12. Portable Raman spectra of paracetamol and starch generated using the microscope 
accessory. 
Similarly to the XYZ stage accessory, the microscope accessory could not be effectively used 
to record the spectra of liquid samples, regardless of the amount or type of liquid (volatile or 
non-volatile). The microscope accessory is therefore optimal to use when analysing trace 
amounts of powders and/or other solid samples. Liquid samples should not be analysed using 
the microscope accessory.  
Accessory four – Vial holder 
When analysing liquid and powder samples using the vial holder, it was hypothesised that the 
highest quality spectra would be produced if there was enough sample to fill the vial above 
the laser’s direct path. To fill the vial to this point, approximately 0.5 mL of sample is 
required. This sample amount ensures that the laser irradiates the material inside the vial, as 
there is sufficient material in line with the laser’s path. If less sample is used, the laser will 
not make contact with the material and, hence, poor quality spectra will be generated.  
As shown by Figure 13, this hypothesis was supported. Figure 13 represents the spectra 
generated when four different amounts of powdered paracetamol were analysed. Poor quality 
spectra were obtained when less than 0.5 mL of sample was used. For the spectra generated 
when 0.4 mL and 0.2 mL of sample were analysed, significant baseline distortion was 
present, the spectra were noisy, and the overall signal intensity was poor. These two spectra 
A) MicrscopeAccessory_Paracetamol_above 0.5g 
B) MicrscopeAccessory_Paracetamol_below0.5g 
C) MicrscopeAccessory_Starch_above 0.5g 











were also not correctly identified by the internal Raman database. When 2 mL and 0.5 mL of 
sample were analysed, high-quality spectra were produced (these both equate to amounts 
above the laser’s direct path). Both had strong signal intensities, no baseline distortion, clear, 
sharp peaks and minimal noise. When 2 mL and 0.5 mL of sample were used, the material 














Figure 13. Raman spectra recorded when four different amounts of powdered paracetamol 
were analysed using the vial holder accessory. Spectrum (A) was recorded when the vial 
filled with 2 mL of sample and spectrum (B) was recorded using 0.5 mL of sample. Spectra 
(C) and (D) were generated using amounts of sample that filled the vial ‘below the laser’s 
direct path’ (0.4 mL and 0.2 mL, respectively). 
It is therefore recommended that the vial holder not be used if less than 0.5 mL of a liquid or 
powder sample is available for analysis. 
Overall, by evaluating these accessories, this study found that a specific sampling accessory 
must be used in order to obtain a high quality, useable spectrum. The type of sampling 
accessory chosen is dependent on the amount and type of sample available for analysis.  
 
A) Paracetamol (2 mL) – Full vial  
B) Paracetamol (0.5 mL) – Above laser mark 
C) Paracetamol (0.4 mL) – In line with laser mark  












2.5 Evaluation under different environmental conditions 
2.5.1 Environment and sample selection 
To evaluate the performance of the portable Raman spectrometer under different 
environmental conditions, it was tested at six different locations. The following environments 
were chosen as they reflect potential locations in which an environmental pollution incident 
may occur or represent environmental conditions that the instrument might be exposed to in 
real casework. Alternatively, they are locations where samples may be analysed.  
(i) Environment 1: Outside in a field (Near Building H16, Western Sydney 
University Hawkesbury Campus) 
Average temperature: 17°C 
Average relative humidity: 66% 
(ii) Environment 2: Inside a warehouse/shed (Building H16, Western Sydney 
University Hawkesbury Campus) 
Average temperature: 28°C 
Average relative humidity: 46% 
(iii) Environment 3: Inside a temperature-controlled cool room  
Average temperature: 4.5°C 
Average relative humidity: 70% 
(iv) Environment 4: Inside the Western Sydney University mobile forensic 
laboratory with the generator and air-conditioning off.  
Average temperature: 24°C 
Average relative humidity: 54% 
(v) Environment 5: Inside the Western Sydney University mobile forensic 
laboratory with the generator and air-conditioning on. 
Average temperature: 22°C 
Average relative humidity: 36% 
(vi) Environment 6: Inside a standard science laboratory at Western Sydney 
University (Hawkesbury Campus) 
Average temperature: 24°C 




According to the manufacturer, the instrument has an optimal operating temperature range of 
10°C – 40°C. One of the environments chosen was outside this range (cool room at 4°C); 
however, this represents a common early morning temperature in the greater Sydney 
metropolitan area. 
Ten samples were chosen for analysis – five powder samples (silica, sugar, caffeine, 
paracetamol and sodium bicarbonate) and five liquid samples (acetone, methanol, diesel fuel, 
sunflower oil and kerosene). Each sample was placed into a clear 2mL glass vial, filled 
approximately three-quarters full.  
The portable Raman spectrometer was evaluated using the same procedure in each 
environment. The instrument was transported to the environment using its transport case. A 
bench was placed in the location and the spectrometer was placed on the table. Before any 
analyses were conducted, the instrument was left for 30 minutes to adjust to the 
environmental conditions. The spectrometer’s probe was then connected to the vial holder 
accessory. 
While samples were being analysed, a ‘Tiny Tag Ultra 2’ data logger (Hasting’s data loggers) 
was placed next to the spectrometer to record the ambient temperature and humidity. See 
Appendix section 2 for the ‘Tiny Tag’ data recorded for this experiment.   
Each sample was analysed using the ‘vial holder procedure’ described in section 2.3.1. The 
vial holder accessory was selected as it is the optimal sampling accessory to use for these 
sample types. The optimal operating parameters for each sample described in Table 5 were 
used. Each sample was analysed seven times. To generate a duplicate result, two samples of 
sodium bicarbonate were analysed (each seven times).  
Once a sample’s spectrum was recorded, it was compared to the internal Raman database to 
see if it could be correctly identified. This experiment was conducted after the internal 
Raman database was extended and a new ‘user-generated’ database was developed (see 
Chapter 2 section 2.6). By using the new database that contains high-quality, pre-recorded 
spectra of these samples, all samples analysed in this experiment were correctly identified.  
Each sample was analysed at 9 am, 12 pm and again at 3 pm on the same day. Spectra were 
recorded at these times to determine whether their quality varied throughout the day, due to 
changes in temperature and humidity. The temperature and humidity inside the cool room and 
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the mobile forensic laboratory, when the air conditioning unit was used, were constant. 
Hence, each sample was only analysed at a single time in these environments, with seven 
repeat measurements conducted.  
To determine whether or not environmental conditions affect the quality of the spectra, the 
seven repeat measurements for each sample generated at each of the three different time 
points for each environment (where relevant) were compared using the evaluation criteria 
described in Table 4. To determine if the repeat measurements were equivalent, their peak 
shape, intensity, location, noise and baseline distortion were compared. Spectra obtained 
from the different environments were also compared. 
At the first location (outside H16 in a field), the battery life of the portable Raman 
spectrometer was also evaluated. It is important to determine the exact battery life of the 
instrument because when used in the field, access to mains power (to charge the instrument) 
may not be available. The lap-top attached to the spectrometer runs out of battery after seven 
hours, and can only be charged by connecting it to a mains power source. It is therefore 
essential to completely charge the lap-top battery before taking the instrument into the field. 
Determining the battery life would, therefore, assist investigators by giving them an 
indication of how many samples they can analyse in a specific time frame.   
Prior to analysing samples, the internal Li-Ion battery was completely charged, which 
according to the manufacturer, gave the spectrometer an estimated 4 to 5 hours of battery life. 
To determine the exact battery life, the spectrometer was run using the internal (‘INT’) power 
setting rather than via mains power (External ‘EXT’ power setting). The samples were 
analysed using the method previously described in this section. The exact amount of time that 
it took for the battery to run out of charge was recorded. The number of samples analysed 






2.5.2 Results  
The data interpretation process will be explained with sodium bicarbonate as an example. 
Figure 14 provides the seven repeat spectra obtained for sodium bicarbonate measured at 9 
am inside a laboratory environment. All repeat spectra were found to be the same at this time 
point. The repeat measurements for the other time points in the same location were also found 
to have no significant differences when using the evaluation criteria described above (Table 
4). 
Since the seven repeat measurements at each time point were the same, one representative 
spectrum was selected for each time point. This resulted in three spectra – one per time 
point – for comparison. These spectra were compared using the spectral evaluation criteria 
previously described. Figure 15 shows that the three representative spectra generated for 
sodium bicarbonate at 9 am, 12 pm and 3 pm were also the same. 
 
 
Figure 14. Overlay of seven repeat measurements for sodium bicarbonate analysed inside a 
standard laboratory at 9 am. The spectra for the seven repeat measurements generated at   




Figure 15. Three representative spectra for sodium bicarbonate selected for comparison: (1) 
generated at 9 am, (2) generated at 12 pm, and (3) generated at 3 pm. 
 
It is important to note that the sharp peaks occurring at 2000 and 2600 cm
-1
 were not taken 
into consideration when comparing the spectra as they are electrical artefacts caused by the 
spectrometer. These peaks are not sample-related as they occur randomly for almost every 
material analysed in this study and also randomly at different environmental conditions. 
Further research needs to be conducted to determine the exact cause of these peaks; however, 
they do not interfere with the interpretation of the spectra.  
As the spectra at each time point were the same, one of the three spectra was selected to 
represent that environment. This evaluation process was performed for each of the six 
environments. The representative spectra for each environment were then compared using the 
same evaluation criteria (Table 4). Figure 16 compares the spectra generated for sodium 
bicarbonate under different environmental conditions. The spectra were found to be the same, 





Figure 16. Representative spectra of sodium bicarbonate generated at each of the 6 
environments. 
 
All eleven samples analysed in this experiment were processed in the same manner as sodium 
bicarbonate. It was found that a sample’s Raman spectrum will remain constant, despite 
fluctuations in the external environmental conditions to which the spectrometer is exposed. 
Even when the portable spectrometer was used outside its optimal temperature range of 10°C 
– 40°C (in the cool room at 4°C), the repeat measurements for each sample were still the 
same. The samples analysed in this environment were also still correctly identified by the 
internal Raman database.  
Despite this finding, using the spectrometer outside of its optimal operating temperature 
range over the long-term is not recommended as it may damage the instrument and void any 
warranty that might be in place. 
As mentioned, the battery life of the portable Raman spectrometer was also evaluated in the 
field. It was found that the spectrometer’s laptop runs out of charge after 7 hours of use, 
whereas the spectrometer itself runs out of charge after 4½ hours. During this timeframe, 137 
samples were analysed using maximum laser power. The instrument is very fast at start-up; 
hence, the instrument can be turned off during fieldwork if no analyses are being undertaken. 
Given the number of samples that could be analysed, the instrument battery life is considered 
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adequate for field use. According to the manufacturer, the internal battery should last 5 to 6 
years before it needs to be replaced. It is important to note that using the spectrometer above 
the optimal recommendation of 40°C can result in a shortened battery life (ThermoFisher 
Scientific 2015).  
2.6 Development and evaluation of a ‘user-generated’ spectral database 
2.6.1 Purpose of a ‘user-generated’ database 
At the commencement of this project, the portable Raman spectrometer employed a limited 
internal Japanese database (ST Japan Raman Library Complete Collection; 8,694 Spectra). 
Commonly encountered samples were not in the database and many samples that were known 
to be in the database were not correctly identified.  
Developing a user-generated spectral database that contains high-quality spectra of known 
samples would increase the instrument’s ability to identify samples in situ. This would, in 
turn, improve the overall ease-of-use and effectiveness of the portable Raman spectrometer.  
2.6.2  Development of a ‘user-generated’ database 
To develop a ‘user-generated’ database, the highest quality spectra for each material used in 
this study (generated using their optimal operating parameters) was selected. The rubber tyre 
and salt samples could not be included as their spectra were of very low quality regardless of 
the parameter set or power level used. Raman spectroscopy was not effective for the analysis 
of these two materials. 
A new library was created in the Spectral ID program (v. 9.2) with the following parameters:  
 Spectral range: 100 to 4278 cm-1 
 Data points: 2090  
 X-axis unit: Raman shift (cm-1) 
 Y-Axis unit: Intensity  
 Resolution of 16 bit   
Throughout the project, other materials that were encountered – but not the focus of this 
study – were analysed and added to the database to improve the instrument’s ability to 
identify materials in situ.   
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Once the optimal spectrum for each sample was added, the database was tested to see if it 
could correctly identify the samples. All samples that were originally added to the database 
were re-analysed using their optimal operating parameters described in Table 5 and the 
optimal sampling accessory previously determined in section 2.4. The new database 
identification, hit-quality position and match-value of each sample were recorded.  
2.6.3 Results  
To determine the effect of the ‘user-generated’ database on a sample’s hit-quality position 
and match value (between 0 and 1), all original samples in this study were re-analysed and 
searched against the ‘user-generated’ database. Each sample’s new hit-quality position and 
match value was recorded and compared to its original value (Table 7).  
On average, a sample’s match value decreased by an average of 0.657. A decrease in value 
reflects a higher match certainty as values closer to zero indicates greater certainty in a 
database’s identification. Alternatively, values closer to a score of ‘one’, indicate lower 
certainty in the resulting identification. A match value of exactly ‘one’ indicates that the 
database could not identify the material. It is important to highlight that this average decrease 
of 0.657 was largely attributed to the addition of materials into the database that were not 
originally present in the library. For the samples that were not originally in the database, their 
match value decreased by an average of 0.862. For the samples that were already in the 
database, the average match value only decreased by 0.159. Whilst this is a minor change, it 
reiterates the idea that adding ‘known’, high-quality spectra to the database will improve the 
instrument’s ability to identify materials.  
As outlined in Table 7, for the samples that were initially correctly identified (prior to the 
development of the ‘user-generated’ database’), their hit-quality position improved by an 
average of 1.1 places when the new database was employed. Of all 29 samples analysed, only 
one sample (diesel fuel) showed an increased match value after the ‘user-generated’ database 
was employed. This was because the sample was initially identified as 4-methyl dodecane. 
Whilst this is a component of diesel fuel, it is only a partial identification. After the ‘user-
generated’ database was employed, the sample was correctly identified as diesel fuel. 
Although this identification is far more accurate, it was only the 12
th
 hit on the database’s list 
of potential matches. This is because other substances that had a similar structure to diesel 




Table 7. Comparison of a sample’s hit-quality position and match value, before and after the employment of a ‘user-generated’ database. A lower 
match value reflects a higher match certainty as values closer to zero indicate greater certainty in a database’s identification. Alternatively, values 
closer to a score of one indicate lower certainty in the resulting identification. A match value of exactly one indicates that the database could not 
identify the material. 
Sample 
Before ‘user-generated’ database 
was employed 



















Vegetable oil Not identified 1 Vegetable oil 1 0.005 - -0.995 









Diesel fuel (first hit is 
Kerosene) 
12 0.297 - +0.175 
Kerosene Not identified 1 Kerosene 1 0.037 - -0.963 
Methanol 1 0.026 Methanol 1 0.003 0 -0.023 
Acetone 1 0.043 Acetone 1 0.003 0 -0.040 
Vinegar Not identified 1 Vinegar 1 0.007 - -0.993 
Automotive fish 
oil 
Not identified 1 Automotive fish oil 1 0.054 - -0.946 
Petrol (95 and 
E10) 
Not identified 1 Petrol (BP 95 E10) 1 0.047 - -0.953 
Engine oil Not identified 1 Engine oil 1 0.001 - -0.999 
Hydrogen 
Peroxide 




Not identified 1 
White paint (Liquid - 
Dulux vivid white) 
First match – Dry paint 
B 
3 0.034 - -0.966 
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0.275 Brake fluid 1 0.019 - -0.256 
Starch 1 0.359 Starch 1 0.003 0 -0.356 
Uracil 1 0.116 Uracil 1 0.013 0 -0.103 
Paracetamol 1 0.122 Paracetamol (powdered) 1 0.007 0 -0.115 
Ibuprofen Not identified 1 Ibuprofen (powdered) 1 0.010 - -0.990 
Caffeine 1 0.223 Caffeine 1 0.009 0 -0.214 
Sugar (sucrose) 1 0.420 Sucrose 1 0.219 0 -0.201 
Plain flour Not identified 1 Plain flour 1 0.003 - -0.997 
Sodium 
bicarbonate 
Not identified 1 Sodium bicarbonate 1 0.008 - -0.992 
Silica/soil Not identified 1 Silica 1 0.057 - -0.943 
Nylon – direct 
probe 
Not identified 1 Nylon 1 0.0004 - -0.9996 
Cotton Not identified 1 Cotton 3 0.041 - -0.959 
Polyvinyl chloride 
(PVC) 
10 0.452 PVC 1 0.125 +9 -0.327 
Polyethylene (PE) 
– direct probe 




Not identified 1 




 hit is Trans-2-
Carbocyclohexaneacetic 
acid (0.415) 
N/A N/A - N/A 
Dry paint A 
(Dulux white 
base) 
Not identified 1 
Dry paint A (Dulux 
white base) 
1 0.003 - -0.997 
Dry Paint B 
(Taubman’s 
Not identified 1 
Dry Paint B (Taubman’s 
white) 





Not added to the 
database 
N/A N/A N/A N/A N/A N/A 
Black rubber tyre 
Not added to the 
database 
N/A N/A N/A N/A N/A N/A 
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The significant improvement in a sample’s match value, combined with an improved average 
hit-quality, shows that the development of a ‘user-generated’ database improves the portable 
Raman spectrometer’s ability to identify materials and, therefore, improves its overall ease-
of-use and effectiveness. It also allows the user to generate databases specific to their 
application, which provides more targeted information 
2.7 Chapter Conclusion 
The portable Raman spectrometer is a promising tool for environmental investigations as it 
can provide rapid analysis with minimal to no sample preparation. Its ability to analyse 
samples inside a clear glass container or plastic bag also provides benefits for those scenarios 
where hazardous materials are encountered. It is also capable of analysing a large number of 
samples – in a short time frame. Overall, the system is very easy to use and operate. 
Some understanding of the instrument is required in its operation. The operational parameters 
need to be optimised for different materials, and the comparison of the results to a 
database/library also requires some fundamental understanding of the instrument’s operation. 
Identification using the portable Raman spectrometer is highly dependent on the library 
employed. ‘User-generated’ libraries are likely to be required to ensure accurate identification 
of unknown materials and for confirmation of known materials.  
The type of sampling accessory chosen requires consideration of the amount and type of 
sample available for analysis. The correct sampling accessory must be selected to obtain 
high-quality spectra. In general, if the vial holder is suitable for the sample, this accessory is 
the most user-friendly, providing high-quality spectra and requiring relatively small amounts 
of sample. For very small samples, the microscope attachment is more suitable. The XYZ 
stage and direct probe also provide benefits for specific sample types; i.e., larger samples and 
hazardous samples already in clear packaging, respectively. 
The instrument was also found to provide consistent spectra under different environmental 
conditions, which is very promising for its use in the field.  
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  Chapter 3
Portable FTIR spectroscopy methodology 
 
3.1 Introduction 
This chapter focuses on the evaluation and optimisation of the portable FTIR spectrometer, 
specifically for its use in identifying a range of materials that are encountered at pollution 
incidents. Based on the results obtained in this Chapter, an SOP was prepared (refer to 
Appendix 3). 
The portable FTIR spectrometer (Figure 17) used in this study was the TruDefender FTX 
from Thermo Scientific (Massachusetts, USA). This instrument covers a spectral range of 
650 cm
-1
 to 4000 cm
-1
 and has a spectral resolution of 4 cm
-1
. An Attenuated Total 
Reflectance (ATR) with a diamond ATR crystal is the standard accessory used on this 
instrument. There are no user-changeable components and all settings are pre-determined by 
the manufacturer. This also means that any ATR or baseline corrections are automatically 
applied by the spectrometer without user input. The library on the FTIR is also locked and 
‘user-generated’ libraries cannot be developed. 
The portable FTIR spectrometer is designed for the analysis of solid and liquid samples. It is 
not designed for the analysis of trace materials or corrosive and/or pressure-sensitive 
substances. Primary users of this instrument will include first responders, law enforcement 
agents, military staff and forensic personnel. 
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Figure 17. TruDefender FTX portable FTIR employed in this study. 
3.2 Instrument Optimisation, Evaluation and Validation  
FTIR spectroscopy is commonly used for the characterisation of solid materials, including 
fibres, plastics and paints. However, it is also very useful for the identification of liquids. 
Although it can also identify gaseous samples, the portable FTIR spectrometer used in this 
study does not have this capability. FTIR suffers a similar drawback to the Raman 
spectroscopy in that mixtures are difficult to identify with any degree of reliability, except for 
simple mixtures. This is a limitation of spectroscopy itself and is not specific to FTIR or 
Raman spectrometers.  
The portable FTIR spectrometer will be evaluated against the same sample set as used for the 
portable Raman (refer to section 2.2.1). As with the Raman, a sample set is the most 
appropriate way to evaluate the portable FTIR. Mixtures of materials from the sample set 
were also tested. The analysis of mixtures by both portable instruments is addressed 
separately in Chapter 5.  
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3.2.1 Instrument calibration and interferometer check 
Prior to the analysis of each material, the anvil and sampling stage of the instrument was 
cleaned using ethanol. The spectrometer was then calibrated by conducting a ‘self-test’. The 
self-test function analyses a silicone standard to determine if the spectrometer is working 
correctly. If the sample was identified as silicone, and the spectrometer indicated that the self-
test was passed, the spectrometer was deemed fit-for-use.  
In addition to calibrating the instrument before use, eight ‘manual background sweeps’ were 
conducted. This ensures that the interferometer is working correctly and that there is no water 
vapour in the instrument. As water is a strong absorber of IR radiation, vapour in the 
instrument will prevent scans from being conducted correctly. 
All data generated by the portable FTIR spectrometer was downloaded via the instrument’s 
SD card and evaluated using Spectragryph (version 1.2.8), the same program used to analyse 
the portable Raman data.  
3.3 Evaluating the accuracy of the internal FTIR database 
All thirty-one materials from the original sample set were analysed via the portable FTIR 
spectrometer.  
Of the 31 materials analysed, the instrument was able to identify 20 correctly whilst it was 
unable to identify 11 (Table 8). For the materials that could not be identified, there was either 
insufficient signal to produce a spectrum or, alternatively, there was ‘no match’ in the 
database (i.e. a ‘known’ spectra of this material did not exist in the database).  
  
  Page | 49  
Table 8. Materials analysed by the portable FTIR spectrometer 
Materials correctly identified Materials not identified 
1. Acetone 
2. Engine oil (identified triethylene glycol 
monomethyl ethers) 
3. Hydrogen peroxide 
4. Vegetable oil 
5. Sunflower oil 
6. Diesel fuel 
7. Kerosene 







15. Plain flour 
16. Sodium bicarbonate 
17. Nylon 
18. Cotton 
19. Polyethylene  
20. Polyethylene terephthalate  
1. Vinegar (identified as water) 
2. Automotive fish oil (no match found) 
3. Petrol (no match found) 
4. Brake fluid (no match found) 
5. White liquid paint (Dulux Vivid White) 
6. Salt (could not be scanned – no signal 
strength) 
7. Silica (could not be scanned – no signal 
strength) 
8. Rubber (no match found) 
9. Polyvinyl chloride (could not be scanned 
– no signal strength) 
10. Dry paint A (no match found) 
11. Dry paint B (no match found) 
 
Overall, this indicates that the FTIR successfully identified 65% of samples. Since no ‘user-
generated’ database can be developed for this spectrometer, the accuracy of the database 
identifications cannot be improved for the in situ analysis of materials. An operator would 
have to export a spectrum of interest and compare it to an external FTIR database if an 
identification could not be obtained in the field. This is a limitation of the instrument that 
must be considered when employing it at pollution incidents.  
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3.4 Determining appropriate sample types and amounts required for analysis  
To determine the appropriate amount of sample required to obtain high-quality spectra, one 
liquid and one solid sample were analysed: sunflower oil and powdered paracetamol. 
Sunflower oil was chosen as it does not evaporate before a spectrum is recorded.  
Four different amounts of each sample were analysed to determine the minimum amount 
required to record a spectrum. The amounts were chosen based on ATR crystal coverage: 
100%, 75%, 50% and 25% coverage. The sampling stage window is approximately 5 mm 
long and 0.5 mm in diameter. 
As shown in Table 9, both samples (paracetamol and sunflower oil) were correctly identified 
by the database when the ATR crystal was completely covered with sample (100% coverage). 
Both samples were also correctly identified when the ATR crystal was covered with 75%, 
50% and 25% of sample. 
Table 9. Identification results when different amounts of material are analysed 
Amount of ATR crystal 
coverage 
Sample - Paracetamol Sample - Sunflower oil 
Identification according to 
the database 
Identification according to 
the database 
Full coverage (100%) 
Acetaminophen 
(paracetamol) 
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However, when the amount of sample being analysed decreased, the quality of the resulting 
spectra also decreased. This is demonstrated in Figure18, which shows the four spectra of 
sunflower oil recorded when different levels of ATR crystal coverage were used. The highest 
quality spectrum was generated when the ATR crystal was 100% covered with sample. This 
spectrum contains the sharpest peaks and the strongest measured absorbance. In comparison, 
when the ATR crystal was only 25% covered, the overall absorbance was very low 
(maximum absorbance of 0.18). This meant that some peaks were not sharp and clear      





Figure 18. IR spectra obtained for sunflower oil as a function of ATR crystal coverage. 
 
Based on these observations, it would be prudent to cover the entire ATR crystal if sufficient 
sample is available. However, even with trace amounts of material, the portable FTIR is 
likely to be capable of providing a correct identification, even if the spectra are of lower 
quality. 
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3.5 Portable FTIR – Operation under different environmental conditions  
3.5.1 Environment and sample selection 
To evaluate the performance of the portable FTIR spectrometer under different 
environmental conditions, the instrument was tested at the same six locations that were used 
for the evaluation of the portable Raman (outlined in section 2.5.1). The portable FTIR has an 
optimal operating temperature range of -20°C to +40°C (Thermo Scientific, 2013). All six 
locations were therefore within the operating range of the instrument. 
The same sample set previously used to evaluate the portable Raman spectrometer was used 
to evaluate the portable FTIR (section 2.5.1). Silica, however, was not analysed by FTIR as it 
can scratch and, therefore, damage the ATR crystal. No sample preparation was required for 
the samples.  
The portable FTIR was evaluated in the same manner as the portable Raman. At each 
location, the instrument was calibrated and the interferometer was checked as indicated in 
section 3.2.1. Temperature and humidity data were collected while the samples were analysed 
(Appendix 4). The average temperature and relative humidity are summarised in Table 10.  






1. Outside in a field 37 24 
2. Inside a warehouse/shed 20 53 
3. Inside mobile forensic laboratory 
(generator and air-conditioning off) 
26 55 
4. Inside mobile forensic laboratory 
(generator and air-conditioning on) 
22 36 
5. Inside a cool room 4.5 70 
6. Inside a standard scientific laboratory 24 52 
 
  
  Page | 53  
A small amount of each sample – enough to completely cover the ATR crystal – was placed 
onto the sampling stage for analysis. For liquid samples, the liquid sampling accessory cup 
(Figure 19) was placed on top of the liquids (flat side upwards). The sampling accessory cup 





Figure 19. Liquid sampling accessory cup used to prevent the evaporation of liquid samples 
analysed by portable FTIR: (a) flat side positioned upwards; (b) funnel side positioned 
upwards. 
Each sample was analysed seven times. To generate a duplicate result, two samples of 
sodium bicarbonate were analysed (each seven times). Each sample was analysed at 9 am,   
12 pm and again at 3 pm. Spectra were recorded at these different time intervals to determine 
whether the quality of a sample’s spectrum varied throughout the day. As with Raman, the 
portable FTIR was evaluated at only one-time point in the cool room and the mobile 
laboratory when the air conditions unit was running, because the temperature and humidity 
remained constant in these environments. 
Once a sample’s spectrum was recorded and saved, it was automatically compared to the 
internal FTIR database to determine if it could be correctly identified. The spectra recorded 
for each sample were analysed using Spectragryph program. This allowed the data obtained 
at different times and locations to be compared. 
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3.5.2 Results 
As with the interpretation of the Raman data, FTIR spectra from repeat measurements were 
considered to be the same if there was no visual difference in peak positions and all important 
peaks were present in the spectra. The replicate spectra also had to have the same peak 
intensity ratios. The peak shape and absorbance of the seven repeat measurements were also 
considered. This comparison process was performed for each sample at each of the six 
environments.  
It is important to note that baseline distortion was not a factor that was considered when 
comparing replicate spectra. Baseline drift is not uncommon in FTIR spectra and it can be 
caused by a number of factors including changes with respect to the background 
measurement (e.g., increased/decreased carbon dioxide levels), and temperature and/or 
humidity changes in the operating environment (Shimadzu 2019).  
The data interpretation process will be explained with methanol as an example. Figure 20 
demonstrates that the replicates obtained at 9 am in a laboratory environment were the same. 
The repeat measurements at the other two time points were also the same for each time point. 
 
Figure 20. Seven repeat IR spectra obtained for methanol under laboratory conditions. The 
spectra were collected at 9 am. Similarly, no differences were observed between the 
spectra for the seven repeats measurements at 12 pm and 3 pm. 
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Since there was no difference observed in the seven repeat spectra generated at each time 
point, one representative spectrum was selected for each time point. This resulted in three 
spectra (one per time point) for comparison. The three spectra from each time point were 
compared. No differences could be observed between the three representative spectra 
obtained at 9 am, 12 pm and 3 pm (Figure 21). 
As there was no observable difference between the spectra, one of the three spectra was 
selected as the representative spectrum for that environment. This evaluation process was 
performed for each of the six environments. The representative spectra for each environment 
were then compared.  
Figure 22 shows a comparison of the spectra generated for methanol under the 6 different 
environmental conditions. The figure demonstrates that no significant differences are 
observed in the spectra obtained under the different environmental conditions. 
 
Figure 21. Representative IR spectra for methanol obtained under laboratory conditions: 
(i) spectrum generated at 9 am, (ii) spectrum generated at 12 pm, and (iii) spectrum 
generated at 3 pm. 
 
. 
















Figure 22. Representative spectra of methanol generated at each of the six environments.  
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The process explained for methanol was applied to all other samples analysed on the portable 
FTIR with equivalent observations made. It was found that a sample’s FTIR spectrum 
remains constant despite fluctuations in the environmental conditions under which the 
spectrometer was operated. 
At the first location (outside in a field), the battery life of the portable FTIR spectrometer was 
also evaluated. Prior to analyzing any samples, the rechargeable battery of the spectrometer 
was completely charged. The charging process takes approximately 4 hours. According to the 
manufacturer, this gave the rechargeable battery an estimated battery life of 4 hours.  
To determine the battery life, samples were analysed using the method described above in 
section 3.5.1. The time that it took for the battery to run out of charge, and the number of 
samples analysed during that time period, were recorded.  
When using the internal battery, the portable FTIR spectrometer ran out of charge after 2 
hours and 10 min. Although this seems quite short, in total 122 samples were analysed, 
making the instrument suitable for in-field casework. The instrument can be turned off 
between analyses to extend battery life or alternatively, or left on ‘standby mode’ during 
periods of inactivity. Whilst there is no specific time period in which batteries must be 
replaced, if the rechargeable batteries swell, they must be replaced immediately. If the 
operator notices that the battery must be charged more frequently over time, the battery 
should also be replaced.  
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3.6 Chapter Conclusion  
This chapter focused on the evaluation of a portable FTIR spectrometer for the in situ 
identification of a range of materials that are encountered at pollution incidents.  
The spectrometer employed in this study was a TruDefender FTX model from Thermo 
Scientific. This experiment found that the spectrometer is highly suited to field-based 
environmental analyses. It has a large onboard database suitable for the identification of 
many compounds, including a range of liquid and solid samples that are encountered at 
pollution incidents.  Of the 31 material analysed in this study, the instrument could correctly 
identify 20 of them. This indicates a correct identification rate of 65%. For the 11 materials 
that could not be identified, there was either no match found in the database or alternatively, 
insufficient signal was generated to produce a spectrum. When insufficient signal is 
generated, this usually indicates that the sample is not suitable for analysis via FTIR (i.e. it 
does not absorb IR radiation). It is important to reiterate that no user-generated database can 
be created for this instrument. If no identification is provided for a material, an operator 
would have to export the spectrum and compare it to an external database. Alternatively, the 
Raman spectrometer could be employed if the sample is suitable for Raman spectroscopy.  
For most materials, minimal to no sample preparation was also required and a very small 
amount of sample could be analysed.  
The unit itself is light-weight, easy to operate and provides stable results under different 
environmental conditions for a range of sample types. The instrument can also be easily 
cleaned between analyses, which is advantageous when a large number of samples are run 
concurrently. 
Portable FTIR has potentially the same shortcomings as portable Raman in that mixtures 
might create problems for substance identification. This will be further investigated in this 
project and addressed in Chapter 5. 
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  Chapter 4
Comparison between the two portable spectrometers and their laboratory-
based equivalents 
 
4.1 Introduction  
Raman and FTIR are complementary techniques (Zorba et al. 2007; Lambert et al. 2016) and 
the results obtained by both techniques are combined for the identification of unknown 
materials or for the determination of source materials related to an incident scene (Bartick 
2012). Hence, a comparison between the two methods was conducted to identify areas of 
complementarity and difference.  
To do so, the spectra generated by each of the portable spectrometers were compared. In 
addition to this, the spectra generated by the portable instruments were compared to spectra 
generated by their laboratory-based equivalents. This allowed the advantages and 
disadvantages of each system to be identified when employed in environmental forensic 
settings or casework.  
4.2 Materials and Methodology 
4.2.1 Sample selection 
To compare the two portable spectrometers to each other, all thirty-one original samples were 
selected for analysis (Table 1).  
To compare the portable spectrometers to their laboratory-based equivalents, a sub-set of the 
thirty-one materials were selected. This included seven powder samples (starch, ibuprofen, 
paracetamol, caffeine, uracil, sodium bicarbonate and white sugar) and six liquids (methanol, 
diesel fuel, kerosene, vegetable oil, sunflower oil and acetone). A sub-set of samples were 
taken due to the time constraints of this study. These specific materials were chosen from the 
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original thirty-one materials as they enabled a range of different molecular structures to be 
analysed (alkanes, alkenes, ketones etc.). 
4.2.2 Portable Raman  
The portable Raman spectrometer was calibrated using acetonitrile prior to its use (Appendix 
1, section 11.3). All samples selected for analysis were placed into separate 2 mL glass vials 
(filled approximately halfway) and were analysed using the vial holder accessory. The 
optimal operating parameters for each material (Table 5) were entered into the EZRaman NP 
Analyser software. The laser power was turned to ‘MAX’. The same laser power was used 
for the analysis of all 10 materials. A single-scan was selected and the spectrum was 
generated. Each sample’s spectrum was then searched against the internal Raman database to 
determine if it could be identified. The original Japanese database was employed, not the 
‘user-generated’ one. This was to ensure that a fair comparison between the systems was 
conducted, as a ‘user-generated’ database was not created for the laboratory-based 
instrument. No data processing was conducted on the generated spectra.  
Note that results generated by using the ‘user-generated’ database will be discussed in this 
chapter in section 4.3.1. The results from the ‘user-generated’ database are required when 
comparing the identification capabilities of the two portable spectrometers.   
4.2.3 Laboratory-based Raman 
The laboratory-based Raman instrument used in this study was a Bruker Senterra system 
fitted with a Raman scope (Massachusetts, USA). The same laser wavelength, 785 nm, was 
used. The spectra were generated using the Opus Senterra program (v. 7.5) and subsequently 
analysed using Opus Vertex 70 (v.7.0) software. Prior to its use, the instrument was 
calibrated using a polystyrene standard.  
Each sample was placed into a separate sample holder cup. One sample at a time was placed 
onto the microscope stage and focused using the Opus software’s ‘Video Wizard’ function. 
The recommended magnification of 20x was used to analyse all samples in this experiment. 
Once in focus, the Video Wizard function was used to record an image of the sample before a 
spectrum was recorded.  
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Once a sample was imaged, the same operating parameters used to analyse each material via 
the portable Raman spectrometer (Table 5) were entered into the Opus program. In addition 
to these parameters, the following recommended parameters were used to generate all 
laboratory-based Raman spectra in this experiment: a resolution range of 9-15 cm
-1
, an 
aperture of 50 × 1000 µm and a maximum power of 100 mW (maximum power possible for 
this instrument).   
Three points on each sample were selected for analysis, resulting in the production of 3 
repeats per sample. Once the samples were analysed, the 3 spectra per sample were entered 
into the Opus (version 7.0) software for data processing. Data processing was conducted in 
line with the SOPs in place for the instrument. The data was ‘normalised’, ‘averaged’ and the 
baseline of each spectrum was corrected. Each sample’s ‘corrected spectrum’ was then 
compared to the available Raman database to see if it could be identified.  
4.2.4 Portable FTIR 
Prior to its use, the anvil and sampling stage of the spectrometer was cleaned with ethanol 
and the instrument was calibrated using a silicone standard.  
The same materials analysed via the portable Raman spectrometer were analysed with the 
portable FTIR spectrometer. As previously mentioned, the settings on the FTIR spectrometer 
could not be changed so the default operating parameters (set by the manufacturer) were 
used. Note that the volatile liquids were analysed using the ‘liquid sample’ accessory 
(provided with the instrument) to minimise evaporation prior to analysis.  
Each sample was placed (separately) onto the ATR crystal. For powder samples, the anvil 
was lowered and clicked into place to ensure adequate pressure between the material and the 
ATR crystal. A sample scan was run and each material’s spectrum was recorded. The spectra 
were searched against the internal database to determine a possible identification.  
4.2.5 Laboratory-based FTIR 
The laboratory-based FTIR instrument used in this study was a Bruker Vertex 70 ATR 
instrument with a diamond crystal (Massachusetts, USA). Opus version 7.2 software was 
used to generate/process the laboratory-based FTIR spectra. Prior to the analysis of samples, 
the instrument was calibrated using a silicone standard. 
  Page | 62  
The same samples that were analysed by the portable FTIR spectrometer were analysed on 
the benchtop instrument. Each material was placed (separately) onto the ATR crystal. For the 
powder samples, the anvil was lowered until it made firm contact with the sample. A ‘sample 
single-channel’ scan was run using the following operating parameters: 32 scans per sample, 
a resolution of 4 cm
-1
 and an aperture of 6 mm.  
Once the spectra were recorded, data processing was performed according to the 
recommended SOP (performed on duplicated spectra). The key peaks in each spectrum were 
identified and their wavenumbers were labelled using the ‘peak picking’ function. The 
baseline was corrected and an ‘extended ATR correction’ was applied. This corrects the 
position and intensity of the absorption bands in the spectrum, which subsequently improves 
the ‘hit-quality’ when a spectrum is compared to the database. Once the spectrum was 
processed using the above steps, it was searched against the available spectral database.  
4.2.6 System comparison – Evaluation Criteria 
To compare the quality of the spectral data between the portable instruments and their 
laboratory-based equivalents, the evaluation criteria previously described in Table 4 were 
used.  
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4.3 Results – Comparison of portable Raman with portable FTIR   
4.3.1 Comparison of identification capabilities 
The aim of this experiment was to identify areas of complementarity and difference between 
the two portable instruments. In doing so, the advantages and disadvantages of each system 
were also identified.   
As indicated by Table 11, both portable instruments are able to identify a wide range of 
materials that may be encountered at pollution incidents. The findings of this study also 
suggest that the development of a ‘user-generated’ database significantly improves the 
quality of the results obtained, in particular for the Raman. Prior to the development of the 
‘user-generated’ database, the portable Raman spectrometer only identified 34% of samples 
correctly. When the ‘user-generated’ database was employed, 97% of samples were correctly 
identified. Recording the spectra of more samples, and subsequently adding them to the 
‘user-generated’ database will further improve the instrument’s ability to identify materials in 
situ.  
When comparing the instruments before a ‘user-generated’ Raman database was developed, 
the portable FTIR is evidently able to identify 11 more materials than the Raman 
spectrometer (Table 11).     
  
  Page | 64  
Table 11. A comparison of the number and types of samples each portable spectrometer 
could identify 
Samples correctly identified by portable Raman 
















6. Plain flour 





12. Caffeine  
13. Methanol 
14. Kerosene 
15. Diesel fuel 
16. Sunflower oil 
17. Vegetable oil 
18. Hydrogen peroxide 
19. Cotton  
 
Could not be analysed: 
 





Analysed but could not be 
identified (‘no match’, incorrect 
or partial identification): 
 
23. Dry paint A (Dulux white base) 
– no match found 
24. Dry paint B (Taubman’s white) 
– no match found 
25. Paint (white – liquid) – 
identified as water 
26. Vinegar - identified as water 
27. Petrol – no match found  
28. Engine oil – identified as 
Triethylene glycol monomethyl 
ether 
29. Brake fluid – no match found  
30. Rubber tyre – no match found 
31. Automotive fish oil – identified 
as various oils 
 
10 out of 29 
samples 
 
28 out of 29 samples  
 
Rubber tyre and salt not included -  
very low-quality spectra regardless of 
parameter set/ power level used. 
Raman was not effective for the 










10. Components of 
brake fluid 
(glycol ethers) 






7. Plain flour 
8. Sodium bicarbonate 
9. Silica 
10. Vegetable oil 
11. Sunflower oil 





17. Fish oil 
18. Petroleum (BP 95 E10) 
19. Engine oil 
20. Hydrogen peroxide 
21. White paint (Dulux vivid white) 
22. Brake fluid 
23. Nylon (orange) 
24. Cotton (white) 
25. Polyvinyl chloride (PVC) 
26. Polyethylene (PE) 
27. Dry white paint (Dulux white 
base) on a microscope slide 
28. Dry white paint (Taubman’s 
white) on a microscope slide 
 
Not identified: PET – polyethylene 
terephthalate  
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An important difference between the two spectrometers is that no ‘user-generated’ database 
can be created for the portable FTIR. It is, however, possible to export the portable FTIR 
spectra and compare them to an external spectral database.  It is important to note that these 
instruments are intended for use in situ. It is therefore desirable that an instrument is able to 
immediately identify samples at an incident scene.   
In terms of their identification capabilities, the portable Raman was able to identify a range of 
organic and inorganic materials, whereas the portable FTIR was more effective at analysing 
organic samples.  
Overall, if the nature of a sample is already ‘known’, this would assist forensic personnel 
with their decision about which instrument to employ at a pollution incident. If the 
composition is ‘unknown’, both instruments could be employed as they are both capable of 
providing results in under a minute.   
4.3.2 Comparison between sample preparation and analysis requirements  
Another important difference between the spectrometers is their sampling capabilities, in 
particular, the differences in sample preparation required. The portable FTIR spectrometer 
requires more sample preparation than the portable Raman instrument. For example, to 
ensure there is sufficient contact and pressure between the sample and the diamond crystal, 
where possible, samples must be ground into a fine powder. This may be problematic for 
some samples (e.g., when only a trace amount of material is available for analysis).  
The portable FTIR also performed poorly when analysing whole solid samples such as PVC 
piping, as there was not enough surface contact created with the ATR crystal. Even after the 
PVC pipe was shaved down to small pieces, the sample could still not be analysed as there 
was still insufficient contact. The instrument also struggled to analyse non-compact solids 
such as rubber and cotton fabric. Due to the structure of these materials (non-compact 
structures with air pockets present), insufficient contact occurred. As this study found, such 
samples may need to be analysed multiple times before a spectrum can be obtained. Overall, 
this study found that the portable FTIR spectrometer is most suitable for the analysis of fine 
powder samples and non-volatile liquids.  
Since the portable Raman spectrometer has four available sampling accessories, no problems 
with sample preparation were encountered in this study. When the optimal sampling 
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accessory is used for a material, a high-quality spectrum can be obtained with minimal-to-no 
sample preparation. The availability of four sampling accessories also means that the portable 
Raman spectrometer is capable of identifying a wide range of sample types (powders, whole 
solid samples, volatile and non-volatile liquids). It is also important to note that the portable 
Raman spectrometer can analyse trace/micro amounts of sample, via the microscope 
accessory. For the portable FTIR spectrometer, however, high-quality, useable spectra are 
produced when the sampling stage window is completely covered with sample. At a pollution 
incident, it is unlikely that only a trace amount of sample will be recovered for analysis, 
therefore, this should not be an issue. This is a significant difference between the two systems 
that must be considered when determining which instrument to employ at an incident scene.  
It is also important to consider that some sample types cannot be analysed by the portable 
instruments. This study found that dark samples (e.g. black rubber tyre) burn when analysed 
via the portable Raman spectrometer. They absorb the energy from the laser and subsequently 
ignite. To ensure that samples are not destroyed it is recommended that (where possible), 
dark materials are analysed by FTIR.  
In terms of the portable FTIR, any samples that may scratch or damage the ATR crystal (e.g., 
coarse sand or strong acids) cannot be analysed. Alternatively, these samples may be 
analysed using an appropriate portable Raman sampling accessory.    
Overall, these findings demonstrate that the portable FTIR and Raman spectrometers should 
be used in combination. In doing so, this would increase the range of materials that can be 
analysed at an incident scene. If a material can be analysed by both techniques, one technique 
can be used to confirm the findings of the other technique. The speed at which the results can 
be obtained on both instruments makes this a viable approach for in-field sampling.  
4.3.3 Limitations of the portable instruments   
One limitation and a key difference between the spectrometers is the portable FTIR’s 
inability to measure samples through transparent surfaces (e.g. clear glass vials and clear 
plastic bags). The portable Raman, however, is capable of doing so. For first responders, this 
is a highly advantageous feature of the instrument. They would be able to use the direct 
contact probe accessory to measure unknown, potentially hazardous materials found in clear 
containers at a scene. Not only does it protect the forensic integrity of a sample, it also 
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reduces the risk to first responders who would no longer come into direct contact with a 
sample.   
Another limitation of the instruments is their battery life. The portable Raman, in particular, 
must be completely charged before employment at an incident scene. This is due to the fact 
that the built-in computer can only be charged by connection to mains power. There may not 
be access to mains power at an incident scene; therefore, if the computer runs out of charge, 
the instrument can no longer be used. This study found that the computer runs out of charge 
after 7 hours of use, whereas the spectrometer itself runs out of charge after 4 and a half 
hours (137 samples analysed using maximum power).  
When using the internal battery, the portable FTIR spectrometer runs out of charge after 2 
hours and 10 minutes (122 samples analysed). Similarly to the portable Raman, the battery 
can only be recharged by connection to mains power. One advantage of the portable FTIR, 
however, is that the system comes with 12 disposable batteries (The spectrometer uses three 
at a time). These provide up to 5 hours of battery life, however, they are suggested for 
‘emergency’ use only if the internal battery runs out at an incident scene. In addition to the 
use of these batteries, the user can also purchase spare re-chargeable batteries. Overall, the 
main difference between the two portable spectrometers is the batteries of the portable FTIR 
can be replaced in situ, whilst the battery of the portable Raman must be charged from a 
mains power source.  
Another limitation of the portable instruments is their effectiveness under different 
environmental conditions. Whilst no differences were found between the spectra of samples 
generated in different environments, the instruments themselves behaved differently. One 
environment of concern was the cool room. Although the portable FTIR was employed 
within its optimal operating temperature range (-20°C to +40°C), the instrument froze up. 
Condensation quickly occurred within the spectrometer, and the instrument would not 
conduct a background scan nor would it analyse any samples. This was most likely due to the 
lubricant within the interferometer compartment “freezing” up, therefore causing the 
interferometer’s moving mirror to become immobile. In order to use the spectrometer in this 
environment, the instrument had to be constantly removed and warmed to room temperature 
again. In terms of use at an incident scene, this would not be practical. It is therefore not 
recommended for use in environments below zero degrees Celsius. In contrast, however, no 
significant problems were encountered with the portable Raman spectrometer when used in 
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any of the environments evaluated in this study. As the instrument and its accessories are 
black, the instrument/carry case did heat up when used outside in the sun. Users should be 
cautious of this when employing the system in warm, sunny environments.  
4.4 Results – Comparison of portable Raman with its laboratory-based equivalent 
This experiment aimed to compare the spectral data generated by the portable Raman 
spectrometer to the data produced by its laboratory-based equivalent. As a result, similarities 
and differences between the two spectrometers have been identified.  
This experiment found that both the portable and laboratory-based Raman spectrometers 
generate high-quality spectral data. Whilst there are many similarities between the spectral 
data produced by these instruments, differences between the systems were noted. These must 
be considered when deciding which instrument to use. Table 12 discusses the similarities and 
differences between the portable and laboratory-based Raman spectrometers.  
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Table 12. Comparison of portable and laboratory-based Raman spectrometers 
Instrument Comparison – 
Portable and Laboratory-based Raman spectrometers 
Similarities Differences 
 Both instruments can effectively 
analyse a range of different 
samples (liquids and powders). 
 Both spectrometers produced 
spectra with strong signal 
intensities. 
 Although a ‘baseline correction’ 
algorithm was applied to the 
spectra generated using the 
laboratory-based spectrometer, the 
spectra of all liquid samples had 
significant baseline distortion – 
especially in the 200 to 2000 cm
-1
 
Raman shift region. The same was 
found in the spectra generated by 
the portable spectrometer.  
 Only one of the six liquid samples 
(methanol) produced a higher-
quality spectrum when analysed 
by the portable spectrometer.  
   
 
 
 As supported by the existing literature reported 
by Assi, Watt and Moffatt (2011), the 
laboratory-based spectrometer was found to be 
more sensitive to bond vibrations in the 2800 to 
3000 cm
-1
 region. In the spectra produced by the 
portable Raman spectrometer, peaks in this 
region were absent or of very low intensity.  
 The portable Raman was able to correctly 
identify more samples, even when the original 
Japanese database was used. It identified 10 of 
the 13 samples, whilst the laboratory-based 
Raman database only identified caffeine. Note 
that for a fair comparison, the user-generated 
database was not employed.  
 The laboratory-based Raman instrument takes 
longer to run a sample: approximately 5 minutes. 
For most samples, the portable Raman was 
optimised to obtain spectra in 45 seconds, which 
is consistent with reports in the existing 
literature (Hargreaves et al. 2008).  
 For the laboratory-based spectrometer, the SOP 
recommends that a minimum of 3 scans per 
sample be run. To compare the spectra or 
identify the material, you must then process the 
data to gain an averaged spectrum. Although it is 
possible with the portable Raman spectrometer, 
no further data processing is required to identify 
the material.  
Although the laboratory-based system has some advantages over the portable Raman, in 
particular in relation to sensitivity in the 2800 to 3000 cm
-1
 region, the portable Raman is 
certainly suitable for its intended purpose. Given that the instrument is capable of producing 
similar spectra under a range of environmental conditions and given that the spectra obtained 
are similar to those produced by the laboratory-based system, the portable Raman is a highly 
capable tool for in-field intelligence gathering at incident scenes.  
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4.5 Results – Comparison of portable FTIR with its laboratory-based equivalent    
The aim of this experiment was to compare the spectral data generated by the portable FTIR 
spectrometer to the data produced by its laboratory-based equivalent. In doing so, key 
similarities and differences between the systems were identified (Table 13). 
Table 13. Comparison of portable and laboratory-based FTIR Spectrometers 
Instrument Comparison – 
Portable and Laboratory-based FTIR spectrometers 
Similarities Differences 
 Both instruments effectively 
analysed a range of samples 
(liquids and powders). 
 Both were capable of correctly 
identifying all of the materials 
analysed in this experiment. 
 Six of the thirteen materials had 
very similar absorbances when 
analysed by the portable and 
laboratory-based instrument. 
 Both instruments took the same 
amount of time to run a sample – 
approximately 1 minute. As both 
Sword (2009) and Vitek et al. 
(2012) emphasise, a quick analysis 
time is vital to ensure the health 
and safety of first responders, the 
general public and the 
environment.  
 The portable instrument was significantly less 
sensitive in the 2400 cm
-1
 to 3800 cm
-1
 
region, when compared to the laboratory-
based FTIR spectrometer. For nine of the 
thirteen samples, the peaks in this region were 
either absent or had a very low absorbance; 
however, the laboratory-based spectrometer 
was able to generate clear, sharp peaks in this 
region.  
 The portable spectrometer was more sensitive 
to vibrations below 600 cm
-1
 (difference in 
spectral range). It is important to note 
however that the fibre optics required for 
accurately identifying peaks below 600 cm
-1
 
are highly specialised. Regardless, the 
portable FTIR’s sensitivity in this region is 
useful for gathering preliminary intelligence 
on samples that have peaks in this region. 
 The laboratory-based spectra contained 
higher levels of baseline distortion (even after 
baseline correction) but lower levels of noise 
when compared to the portable FTIR spectra. 
 For some samples (e.g. sugar) sample 
preparation was required for the laboratory-
based spectrometer (i.e. had to be crushed 
into very fine powders prior to analysis).  
Although the spectra generated by the laboratory-based FTIR were in general better quality, 
the portable FTIR was still capable of correctly identifying all of the materials analysed. As 
an in-field screening tool for intelligence gathering, the portable FTIR spectrometer is highly 
suitable (Thomas & Bakeev 2014; Elsohaby et al. 2017).  
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4.6 Chapter Conclusion 
This study has shown that portable FTIR and Raman spectrometers are effective instruments 
for the in situ analysis of a range of materials that are encountered at pollution incidents. 
Whilst there are areas of difference between the two systems, the two techniques are 
complementary. Due to their complementarity, where possible, it advisable to combine the 
results from both portable instruments when identifying materials in situ.   
This experiment also identified the advantages and disadvantages of both the portable 
spectrometers and their laboratory-based equivalents. When determining which spectrometer 
to employ at a scene, it is important to consider the advantages and disadvantages of each 
instrument. If the incorrect type of analytical tool is employed, valuable forensic evidence 
may be lost.  
Although the results from the portable equipment might not be of the same quality as their 
laboratory counterparts, they are both highly suitable for in-field analyses at incident scenes. 
Both portable instruments are capable of identifying materials in under a minute. This 
reduces the chance of first responders being exposed to harmful materials, and it also means 
that the correct clean-up protocol can be implemented in a timelier manner.
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  Chapter 5
Analysis of Mixed Samples  
 
5.1 Introduction  
This chapter explores the effectiveness of the portable Raman and FTIR spectrometers for the 
analysis of mixtures that are representative of what might be encountered at pollution 
incidents. This experiment aimed to determine if portable Raman and FTIR spectrometers 
were effective for the analysis of mixed samples and, if so, to what extent.  
FTIR spectroscopy is not specifically designed for the analysis of trace materials; therefore, 
depending on the complexity and composition of a mixture, only the major component is 
generally identified (Feller 1954). Despite this, Chalmers et al. (2012) states that FTIR 
spectrometers are still effective for the analysis of mixtures as they have a low limit of 
detection and are sensitive. In terms of an environmental context, it is, however, rare that 
only a trace amount of material would be recovered from an incident scene. Since samples 
are generally provided in bulk amounts (i.e. enough for multiple analyses), this limitation is 
not expected to be an issue.  
According to Chao et al. (2018), Raman spectroscopy is capable of identifying mixtures. The 
resulting spectra will contain information about all components present. As in the case of 
FTIR spectroscopy, to identify the specific materials present, the spectrum needs to be 
compared to a database of known materials. The relative peak intensities can also be used to 
determine quantitative information about a mixture’s composition (Horiba 2019). In this 
experiment, both the vial holder accessory and microscope interface were evaluated for the 
analysis of mixed samples. 
It is important to note that in general, spectrometers struggle to identify complex mixtures 
that contain multiple materials. This is an inherent weakness that is attributed to the technique 
itself – it is not a problem specific to Raman or FTIR spectrometers. The issue lies within the 
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use of database searching algorithms that are formulated specifically to identify pure 
compounds (Zeng 2019). The issue also arises from the fact that these instruments can only 
register when a particular bond is present (e.g. a ‘C-O’ bond). The instruments cannot 
determine which compound it specifically comes from or if there are multiple compounds 
present that each contain a ‘C-O’ bond. It can only indicate that a specific bond is present.  
5.2 Analysis of mixtures via portable Raman spectroscopy 
5.2.1 Analysis of mixtures using the vial holder accessory  
To form the mixtures, substances from the original sample set were chosen (Table 1). 
Mixtures containing two, three and four components were produced: 
(i) Sodium bicarbonate and plain flour 
(ii) Acetone and methanol  
(iii) Paracetamol and ibuprofen  
(iv) Paracetamol, ibuprofen and caffeine  
(v) Acetone, methanol and kerosene 
(vi) Paracetamol, ibuprofen, caffeine and starch  
(vii) Acetone, methanol, kerosene and vinegar 
The proportions used for these mixtures are listed in Table 14.  
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Table 14. Sample mixtures – Ratios and amounts used for the analysis of mixtures containing 
two, three and four materials 
Sample Ratio – 2 materials 
(Sample 1: Sample 2) 
Sample amount  (g)  
(Sample 1: Sample 2) 










0:100 (control) 0:2 
Sample ratio – 3 materials 
(Sample 1: Sample 2: Sample 3) 
Sample amount (g) 
(Sample 1: Sample 2: Sample 3) 
100:0:0 (control) 2:0:0 
0:100:0 (control) 0:2:0 














Sample ratio – 4 materials 
(Sample 1: Sample 2: Sample 3: Sample 4) 
Sample amount (g) 
(Sample 1: Sample 2: Sample 3: Sample 4) 
100:0:0:0 (control) 2:0:0:0 
0:100:0:0 (control) 0:2:0:0 
0:0:100:0 (control) 0:0:2:0 







According to Krishna et al. (2013), homogenous mixtures produce higher quality spectra; 
therefore, for the solid mixtures, a mortar and pestle were used to grind the samples into a 
fine powder. Each mixture was placed into a separate 2 mL glass vial. The mixtures were 
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then analysed using the vial holder accessory method previously outlined in section 2.3.1. An 
integration time of 15 seconds, an average of 3 scans and a box-car value of 2 were used for 
all mixtures listed above. Maximum power was used. Recorded spectra were then searched 
against the available Raman spectral databases – both the original Japanese library and the 
‘user-generated’ database.  
Note: The spectra generated for each mixture were evaluated using the spectral evaluation 
criteria previously described in Table 4.  
5.2.2 Interpreting the Raman database results  
It is important to note that, when analysing mixtures via the portable Raman spectrometer, a 
complete identification may not always be obtained. Materials that contain a similar structure 
to the material in question may be suggested by the database.  
This is especially important to consider when the material is of an ‘unknown’ nature. The 
database may indicate that the sample is not one specific material (i.e. it may suggest multiple 
materials or specific materials that, when combined, create a certain product).  All of the 
materials identified by the database can be used to direct the investigation, not just the first 
suggested material. For example, if the material is suspected to be ‘plain flour’ and the 
spectrometer only identifies ‘cellulose’ and ‘starch’, this would indicate to a scene 
investigator that the sample may be a material such as ‘plain flour’. In such a situation, 
further confirmatory testing would be required for a more definitive result.  
Therefore, whilst a specific identification may not always be obtained, the spectral 
information can allow in situ intelligence gathering. As stated in Chapter 1, intelligence is 
currently only gathered once a sample is analysed at the laboratory. Utilising the 
spectrometers will, therefore, at the minimum, provide preliminary information in situ that 
can be used to further direct the investigation (Penido et al. 2015). As discussed by 
Kloosterman et al. (2015) and Ribaux et al. (2010), an intelligence-led investigative approach 
would also improve the efficiency and safety of investigations.  
In this study, all materials identified by the database were considered when determining 
whether or not the components in each sample were correctly identified. Once a material was 
suggested by the database, the spectrum was compared to a ‘known’ spectrum of that 
material using the spectral evaluation criteria outlined in Table 4. This method was used in 
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order to determine the accuracy of the identification provided by the database. Operationally, 
an investigator would need to rely solely on the database hit-quality and match value that is 
provided.   
When a material was completely unknown (e.g., a blind sample), the spectrum of the material 
suggested by the database was also compared to a ‘known’ spectrum of the material. In 
addition to this, the hit-quality and match value of a material (suggested by the database) was 
also considered. The hit-quality position is an indicator of the databases certainty that the 
suggested material is, in fact, the material that was analysed. The database will suggest a list 
of the top 20 materials that the analysed sample may be. As previously stated, the material 
that is suggested first has the highest level of certainty, whilst the material that is suggested 
last (with a database position of 20) has the lowest level of certainty. The match value 
indicates the certainty of the provided match to the database. Values are between 0 and 1. A 
value closer to zero indicates stronger certainty in the resulting match. 
5.2.3 Results 
When the Raman spectrometer was employed to analyse samples containing two materials, 
the major contributing component of the mixture was always correctly identified. However, 
for some of the mixtures, the second material could not be identified regardless of the sample 
ratio used. For example, when the ‘acetone and methanol’ mixtures were analysed, 78% of 
the samples were identified as being only one material. This material was always the major 
contributing component of that particular mixture.  
In order to identify both materials, the mixture needed to be composed of relatively equal 
amounts of each component. For the acetone and methanol mixtures, as well as the 
paracetamol and ibuprofen combinations, a sample ratio of ‘50% material 1 to 50% material 
2’ was required in order to identify both materials. Figure 23 represents the Raman spectra of 
both 100% methanol and 100% acetone, as well as the spectrum of the ‘50% acetone and 
50% methanol’ mixture. For further comparison, Figure 24 shows the overlayed spectra of 
these three samples.  

















Figure 23. Spectrum of (A) methanol and (B) acetone and the spectrum of (C) ‘50% acetone and 50% methanol’ mixture.  

















Figure 24. Spectra of (A) 100% methanol and (B)100% acetone overlayed onto (C) the spectrum of the ‘50% acetone and 50% methanol’ 
mixture.
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As depicted in Figure 23, the spectrum of the ‘50% methanol and 50% acetone’ mixture 
contains indicative peaks of both materials. The sharp peaks at the 800 cm
-1
 and 1200 cm
-1
 
Raman shift positions are due to the carbon-to-carbon bonds present in acetone. The CH3 
functional group of acetone is also represented at a Raman shift position of 1430 cm
-1
.  The 
two peaks present in the 2800 to 3000 cm
-1
 region are CH3 stretches that occur in methanol. 
The sharp peak at the 1000cm
-1
 position represents a C-C bond in methanol. These indicative 
peaks are also evident in Figure 24 which provides a comparison of ‘100% methanol’ and 
‘100% acetone’ to the spectrum of the ‘50% acetone and 50% methanol’ mixture.  
For the sodium bicarbonate and plain flour mixtures, 90% of the samples were identified as 
being ‘plain flour only’. Sodium bicarbonate was only identified once when the mixture was 
composed of 90% sodium bicarbonate and 10% plain flour. The portable Raman 
spectrometer was only able to identify both materials present in 10% of the mixtures that 
were analysed. This indicates that whilst the instrument is capable of identifying mixtures of 
two samples, it is not very effective.  
For the mixtures containing three materials, a similar pattern was observed. The major 
contributing component of the mixture was always correctly identified with a high degree of 
certainty. This means that the major component was usually the first material identified by 
the database. For the mixtures containing three materials, the major contributing components 
that were identified all had strong match values. Although the major contributing component 
was always correctly identified, in some of the three-component mixtures, the major 
contributing component was not the first material suggested by the database. For some of the 
mixtures, the minor contributing components were actually suggested first (i.e. they appeared 
higher on the database list, reflecting a stronger hit-quality than the major contributing 
component).  
Based on these findings, portable Raman spectroscopy is generally ineffective for the 
analysis of samples containing three materials. The instrument was only able to identify all 
three materials in a mixture in 20% of the samples that were analysed. The instrument was 
also less effective for the analysis of liquid mixtures containing three samples. Regardless of 
the sample ratios used, the spectrometer was not able to identify all three materials present in 
any of the liquid mixtures.  
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This experiment also demonstrated that the portable Raman spectrometer is ineffective for the 
analysis of samples containing four materials. For the paracetamol, ibuprofen, caffeine and 
starch mixtures, the spectrometer was unable to identify all four materials present.  However, 
when equal amounts of each material were used, 3 out of the 4 materials were correctly 
identified (caffeine was not identified). For the liquid mixtures containing acetone, methanol, 
kerosene and vinegar, the spectrometer was not able to identify all four materials in any of 
the mixtures that were analysed. When the mixture was composed of equal amounts of the 
four materials, the spectrometer was still unable to identify all four materials present (only 
acetone was correctly identified). Again, these findings suggest that the portable Raman is 
less effective for the analysis of liquid mixtures when compared to solid-based mixtures.  
For both the liquid and solid mixtures containing four materials, the major contributing 
component was still correctly identified with a high degree of certainty (strong hit-quality 
positions and match values). Vinegar, however, was the only major contributing component 
that was never identified in any of the mixtures.  
Table 15 summarises the materials within each mixture that were correctly identified. It also 
states the minimum weight percentage of each material that was required for a correct 
identification. 
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Table 15. Portable Raman spectrometer – Materials correctly identified and the minimum 
weight percentage required for identification 
Mixture Component Conclusion 
1. Sodium bicarbonate 
and plain flour 
Sodium bicarbonate Identified when it is ≥ 80 wt% 
Plain flour Identified when it is ≥ 10 wt% 
2. Acetone and 
methanol  
Acetone Identified when it is ≥ 50 wt% 
Methanol Identified when it is ≥ 40 wt% 
3. Paracetamol and 
ibuprofen  
Paracetamol Identified when it is ≥ 10 wt% 




Paracetamol Identified when it is ≥ 20 wt% 
Ibuprofen Identified when it is ≥ 20 wt% 
Caffeine Identified when it is ≥ 33.3 wt% 
5. Acetone, methanol 
and kerosene 
Acetone Identified when it is ≥ 20 wt% 
Methanol Identified when it is ≥ 30 wt% 




Paracetamol Identified when it is ≥ 25 wt% 
Ibuprofen Identified when it is ≥ 25 wt% 
Caffeine Identified when it is ≥ 25 wt% 
Starch Identified when it is ≥ 40 wt% 
7. Acetone, methanol, 
kerosene and vinegar 
Acetone Identified when it is ≥ 25 wt% 
Methanol Identified when it is ≥ 20 wt% 
Kerosene Identified when it is ≥ 30 wt% 
Vinegar Not identified in any of the mixtures 
 
Overall, the results indicate that the success of an identification is, to some extent, dependent 
on the compound type (i.e. liquid or solid-state). Some compounds can be detected at a 
minimum of 20 wt%, whilst others require 80 wt% or more. It is important to reiterate that 
the composition of a material located at a pollution incident will most likely be unknown. It is 
therefore suggested that, where possible, both spectrometers should be employed at an 
incident scene. This will enable a more comprehensive in situ analysis of mixtures.  
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5.3 Analysis of mixtures via the Raman microscope interface accessory 
The microscope interface is an accessory that is capable of focusing on specific particles 
within a sample. Therefore, if each component in a solid mixture is represented by a different 
particle morphology then each component can be separately analysed. To evaluate the 
effectiveness of this accessory, solid-based mixtures were analysed. Note that liquid-based 
mixtures were not analysed via this accessory as the samples evaporate before a spectrum can 
be recorded. Although non-volatile samples do not evaporate, the spectrum of the glass 
microscope slide was being recorded, rather than the material itself. This was especially the 
case for transparent materials.    
The following mixtures were analysed: 
(i) 90% paracetamol and 10% ibuprofen 
(ii) 50% paracetamol and 50% ibuprofen 
(iii) 33.3% paracetamol, 33.3% ibuprofen and 33.3% caffeine  
(iv) 60% paracetamol, 10% ibuprofen and 30% caffeine 
(v)  25% paracetamol, 25% ibuprofen, 25% caffeine and 25% starch 
(vi) 10% paracetamol, 20% ibuprofen, 30% caffeine and 40% starch 
The general microscope analysis method previously described in section 2.4.2 was used to 
analyse these mixtures. An integration time of 15 seconds was used, in addition to an average 
of 3 scans and a box-car value of 2. The aim of this experiment was to focus on one specific 
particle of a component within the mixture, to see if it could be distinguished from the other 
components present.  
The ‘Microviewer’ program was used to focus on specific particles within the mixture. To 
target the correct particle, a microscope was used to focus the laser onto each specific 
material. In order to identify a specific particle, magnified images of each material (as 
observed under a microscope) were used for comparison purposes. This enabled the correct 
material to be targeted based on particle morphology.  
Once an individual particle was selected, a spectrum of that material was recorded. When 
searching for starch within a mixture, a microscope objective of 40x was required due to the 
small size of the particles in comparison to the other materials present. When a 10x objective 
was used, the starch particles were too small for the Raman laser to focus on. 
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5.3.1 Results 
The microscope interface is a very effective Raman accessory for the analysis of solid 
mixtures. The microscope enables the Raman laser to be focussed on a specific particle 
within a mixture, which subsequently increases the chance of that material being identified. 
When employing this accessory, the only requirement is that the operator needs to be able to 
identify different particles corresponding to the different components present in a mixture. 
This is achieved by observing the different morphologies under a microscope. The result is 
therefore operator-dependent to some extent. 
When composed of equal amounts of each component, the Raman spectrometer was able to 
identify all materials present in the mixture. The microscope accessory was even able to 
correctly identify all materials present in a four-component mixture, which was not possible 
when using the vial holder accessory.  
As indicated by Table 16, however, the microscope interface was not effective for the 
analysis of mixtures when there was one major component and one minor component. When 
analysing the mixture composed of 90% paracetamol and 10% ibuprofen, it was not possible 
to identify and focus on an ibuprofen particle. As a result, ibuprofen could not be targeted for 
analysis. The same problem occurred when analysing the mixture composed of 10% 
paracetamol, 20% ibuprofen, 30% caffeine and 40% starch. Whilst ibuprofen, caffeine and 
starch were all identified, the minor contributing component (paracetamol) was not. It is 
important to reinforce the notion that the results are, to some extent, influenced by the 
operators experience using a microscope and subsequent ability to differentiate the particles 
present based on their morphology. Alternatively, the minute amount of sample, in 
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Table 16. Analysis of mixtures via the Raman microscope attachment  
Whilst the Raman microscope is evidently a very effective tool, the method is easier to apply 
if the analyst already has a general idea of what the mixture may contain. This is because the 
operator needs to be able to select different particles for analysis. As such, the process will be 
extremely difficult if the mixture is composed of multiple unknown materials that are all 
microscopically similar. It is important to note that, when analysing samples in the field, the 
composition and ratio of materials present in a sample will most likely be unknown. It is 










and 10% ibuprofen 
Paracetamol Paracetamol 0.045 1 
Ibuprofen Could not be identified - - 
2 
50% paracetamol 
and 50% ibuprofen 
Paracetamol Paracetamol 0.380 2 
Ibuprofen 
Ibuprofen 







and 33.3% caffeine 
Paracetamol Paracetamol 0.372 1 
Ibuprofen 
Ibuprofen (first database 
hit was paracetamol) 
0.473 2 
Caffeine Caffeine 0.146 1 
4 
60% paracetamol, 
10% ibuprofen and 
30% caffeine 
Paracetamol Paracetamol 0.049 1 
Ibuprofen Not identified - - 




25% caffeine and 
25% starch 
Paracetamol Paracetamol 0.209 1 
Ibuprofen Ibuprofen 0.373 1 
Caffeine Caffeine 0.165 1 




30% caffeine and 
40% starch 
Paracetamol Could not be identified - - 
Ibuprofen Ibuprofen 0.140 1 
Caffeine Caffeine 0.402 1 
Starch  Starch  0.021 1 
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therefore recommended that the vial holder accessory is used first, where possible, to gain an 
initial idea of what the sample may contain. Analysing samples on the portable FTIR first 
would also enable investigators to determine what materials are potentially present. The 
intelligence that is obtained would assist investigators as they would then be able to search 
for specific materials when using the microscope.  
As stated, the effectiveness of this accessory is – to some extent – dependent on the analyst’s 
competency level and experience using a microscope. It is strongly recommended that prior 
to using this accessory; all users receive appropriate microscope training.    
5.4 Portable Raman - Analysis of mixtures in a water matrix  
In addition to the above mixtures, three materials from the original sample list (Table 1) were 
chosen to form a commonly encountered mixture – materials found in a water matrix. The 
three selected materials were: (i) paracetamol, (ii) starch and (iii) liquid paint (Dulux Vivid 
White). The mixtures of different concentrations were made by placing the materials into      
2 mL clear glass vials. Five different concentrations were prepared and analysed (Table 17). 
Table 17. Sample mixtures – Materials in a water matrix: Concentrations used for analysis 
Sample Ratios – 
(Material : Water) 
Concentration (wt %) 
Corresponding spectrum 
(Figure 25) 
100:0 (control) 100 A 
90:10 90 B 
70:30 70 C 
50:50 50 D 
30:70 30 E 
10:90 10 F 
The paracetamol and water mixture was homogenous as the paracetamol dissolved in the 
water. The starch and liquid paint mixtures were not homogenous as they did not completely 
dissolve in the water. Despite this, all samples were vigorously shaken prior to analyse to 
ensure that the Raman laser targeted both components of the mixture. 
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5.4.1 Results  
It was expected that a higher concentration of material in the water matrix would produce 
overall higher-quality spectra. When there is more material available for analysis, there is a 
greater potential for Raman scattering to occur. This increases the Raman signal that can be 
detected by the instrument. As the concentration decreases, the spectrometer’s effectiveness 
to identify the material was also expected to decrease. As shown by Figure 25, this was 














Figure 25. Different concentrations of paracetamol in a water matrix: (A) 100% wt%, (B) 90 
wt%, (C) 70 wt%, (D) 50 wt%, (E) 30 wt% and (F) 10 wt%.   
Spectrum ‘A’ of Figure 25 represents a control spectrum. This shows the expected profile 
when 100% paracetamol is analysed. As shown by spectra ‘B’ to ‘F’, when the concentration 
of the material decreases, so too does the quality of the spectrum. In spectrum ‘B’ (90 wt% 
paracetamol), the signal intensity is still relatively strong and the key peaks for paracetamol 
are sharp and clear (e.g., in the 800 – 840 cm
-1
 Raman shift region). In comparison, when the 
mixture was composed of only 10 wt% paracetamol (Spectrum ‘F’), the spectral quality was 
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than 10,000 counts. Paracetamol (or any compounds with a similar chemical structure) was 
also not identified by the database. Such a low-quality spectrum provides little information on 
the material and therefore could not be relied upon in the field for identification purposes.  
It is important to note that the database was only able to identify paracetamol in the water 
matrix when the concentration was 90 wt%. Adding the spectra of materials in a water 
matrix, at various concentrations, to the internal Raman database may improve the 
instrument’s ability to identify samples of this nature. This is an important area to consider 
for future research. Due to time constraints, this could not be achieved in this study.   
The same pattern was observed for the mixtures of starch in a water matrix. When the 
concentration of starch in the water decreased, the spectral quality also declined. It is 
important to note that the internal Raman database identified the samples as either ‘starch’ or 
‘plain flour’ (see Appendix section 5). This identification was still considered correct as flour 
contains starch. Although the database did not specifically identify ‘starch’, the identification 
of ‘plain flour’ could assist investigators by indicating to them that the material being 
analysed may be of a ‘starch-based’ nature.  
Whilst the paracetamol and starch mixtures in water displayed a decline in spectral quality 
when the concentration decreased, this pattern was not observed for the paint mixtures. As 
shown by Figure 26, only mixture ‘D’ provided a high-quality spectrum (aside from the 
control). This spectrum was generated when the 50 wt% mixture was analysed. This mixture 
also exhibited the strongest hit-quality and match value. A hit-quality of ‘1’ and a match 























Figure 26. Different concentrations of white liquid paint in a water matrix: (A) 100 wt%, (B) 
90 wt%, (C) 70 wt%, (D) 50 wt%, (E) 30 wt% and (F) 10 wt%. 
When comparing spectrum ‘A’ and spectrum ‘D’, characteristic peaks of paint can be seen in 
the 420 cm
-1
 and 620 cm
-1
 regions. In comparison, all other spectra contained no indicative 
peaks of white paint; however, they were still correctly identified by the database. As there 
were no actual peaks available for comparison, the database matching process would have 
been based on the background of these recorded spectra. This makes the suggested 
identification for mixtures B, C, E & F unreliable. In the field, an operator could not rely on 
these spectra to confirm the identity of a material. This highlights the need for an operator to 
evaluate the quality of the spectrum themselves, in order to determine if it is suitable for 
identification. The provided database result should not be solely relied upon.   
To ensure there were no issues with sample preparation or any element of human error 
involved, the paint mixtures were prepared and analysed a second time. Prior to analysis, the 
samples were shaken to create homogeneity. The same spectra were obtained. The spectra of 
all mixtures were also compared to a spectrum of 100 wt% plain water and a spectrum of 100 
wt% liquid paint (Dulux vivid white). This comparison was conducted to determine whether 
or not the laser was solely targeting paint or water particles. Since the spectra of these 
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why these mixtures did not produce spectra, similar to that of the 50 wt% mixture which 
exhibited the indicative peaks of paint.       
In addition to this, the existing literature indicates that Raman spectroscopy is able to 
effectively analyse samples with a high moisture/water content (Morris 2019). This is 
because water is a weak Raman scatterer; hence it produces weak Raman signals and it does 
not interfere with the Raman scattering of solutes (Kizil & Irudayaraj 2018; Panikuttira & 
O’Donnell 2018; Ryder et al. 1999). Therefore, whilst the quality is expected to decrease as 
the concentration decreases, the 90 wt% and 70 wt% mixtures should have generated high-
quality spectra. As this was not observed for the paint and water mixtures, further research 
should be conducted to determine why high-quality spectra are not generated when a 
sample’s water content is relatively low.   
Note: See Appendix section 5 for the Raman database identifications, hit qualities and match 
values provided for all mixtures analysed in this experiment.   
  
  Page | 90  
5.5 Analysis of mixtures via the portable FTIR spectrometer 
To analyse the mixtures via portable FTIR spectroscopy, the procedure described in section 
4.2.4 was followed. All mixtures analysed via the portable Raman (outlined in sections 5.2 
and 5.3) were analysed via the portable FTIR spectrometer.  
A spatula was used to place the powder samples onto the sampling stage. The liquid mixtures 
were pipetted onto the sample stage using a plastic pipette. To generate a strong signal, the 
ATR crystal was completely covered with the sample. After each sample was analysed, the 
stage was thoroughly cleaned using ethanol.   
5.5.1 Results 
The portable FTIR spectrometer was found to be more effective for the analysis of mixtures 
when compared to the portable Raman instrument. For 52% of the mixtures containing two 
materials, the instrument was able to correctly identify both materials – regardless of the 
sample ratio used. Some mixtures, however, could not be identified. The ‘acetone and 
methanol’ mixture, in particular, was problematic. When acetone was the major contributing 
component of the mixture, the instrument was not able to identify the methanol that was also 
present. Instead, the instrument identified vanadium (V) oxyfluoride as the other material 
present. A ‘no match found’ result was also obtained when a ratio of 60% acetone and 40% 
methanol was used. This suggests that there was insufficient signal to obtain a correct 
identification.  
When a mixture was composed of three powdered materials, the instrument was unable to 
identify all three materials present in any of the mixtures. For 31% of the mixtures analysed 
in this experiment, only the major contributing component could be correctly identified. The 
instrument was, however, able to identify two of the three materials present in 42% of the 
mixtures.  
The analysis of the liquid mixtures containing three materials was again less effective than 
the analysis of solid mixtures. For 54% of the ‘acetone, methanol and kerosene’ mixtures, a 
‘no match’ result was obtained. The instrument indicated that whilst a strong signal was 
obtained for these mixtures, the system could not reliably identify the materials present.  
A similar conclusion was reached when mixtures containing four materials were analysed. 
According to ThermoFisher Scientifica (2019), the instrument is capable of identifying up to 
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4 materials in a mixture. However, regardless of the sample ratios used, the instrument could 
not correctly identify all four materials present in any of the mixtures analysed in this 
experiment. Even when each material constituted 25% of the mixtures composition (Figure 
27), the instrument was still only able to identify two of the four materials present. Overall, 














Figure 27. FTIR spectrum of a mixture composed of 25% paracetamol, 25% ibuprofen, 25% 
caffeine and 25% starch.  
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Table 18 summarises the overall findings of this experiment. It states which materials in a 
mixture were correctly identified, and the minimum weight percentage that was required to 
obtain an identification.  
Table 18. Portable FTIR analysis of mixtures – Materials correctly identified and the 
minimum weight percentage required for identification 
Mixture Component Conclusion 
1. Sodium bicarbonate 
and plain flour 
Sodium bicarbonate Identified when it is ≥ 20 wt% 
Plain flour Identified when it is ≥ 10 wt% 
2. Acetone and 
methanol 
Acetone Identified when it is ≥ 30 wt% 
Methanol Identified when it is ≥ 50 wt% 
Paracetamol and 
ibuprofen 
Paracetamol Identified when it is ≥ 10 wt% 




Paracetamol Identified when it is ≥ 20 wt% 
Ibuprofen Identified when it is ≥ 10 wt% 
Caffeine Identified when it is ≥ 30 wt% 
4. Acetone, methanol 
and kerosene 
Acetone Identified when it is ≥ 10 wt% 
Methanol Identified when it is ≥ 60 wt% 




Paracetamol Identified when it is ≥ 25 wt% 
Ibuprofen Identified when it is ≥ 40 wt% 
Caffeine Identified when it is ≥ 25 wt% 
Starch Identified when it is ≥ 40 wt% 
6. Acetone, methanol, 
kerosene and vinegar 
Acetone Identified when it is ≥ 5 wt% 
Methanol Identified when it is ≥ 25 wt% 
Kerosene Not identified in any of the mixtures 
Vinegar Not identified in any of the mixtures 
  
Similarly to Raman, these results indicate that an identification is, to some extent, dependent 
on the compound type (i.e. liquid or solid-state). When employing the portable FTIR 
spectrometer, some compounds could be detected in a mixture at a minimum of 10 wt%, 
whilst others required 60 wt% or more. Since the composition of a mixture in situ will most 
likely be unknown, where possible, both spectrometers should be employed at an incident. 
This will allow a comprehensive analysis to be conducted, which in turn will enable 
investigators to correctly identify mixtures.  
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As demonstrated by Figure 28, when the concentration of material in the water matrix 
decreased, so too did the spectral quality. The peak intensities also decreased as a result. This 














Figure 28. Different concentrations of starch in a water matrix: (A) 100 wt%, (B) 90 wt%, 
(C) 70 wt%, (D) 50 wt%, (E) 30 wt% and (F) 10 wt%.  
Spectrum ‘A’ represents a control sample of 100% starch. This spectrum indicates the 
materials expected FTIR profile. Spectrum ‘B’ represents a concentration of 90 wt% starch. 
Overall, this spectrum had a strong absorbance – recording a maximum absorbance of 0.8 out 
of a possible absorption of 1.0. The indicative peaks of starch in the 1100 [1/cm] region were 
also sharp and clear and there was no visible baseline distortion. As the concentration 
decreased, however, peaks in this region had a lower absorption or were no longer present 
(e.g., spectrum ‘E’ and ‘F’).  
These findings indicate that the quality of a spectrum decreases when the concentration of 
material decreases. This proportional relationship was also observed for the two other 
mixtures analysed in this experiment. It is important to note that the starch and paint mixtures 
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paracetamol in water mixture was homogenous. The proportional relationship was therefore 
observed in both suspensions and homogenous mixtures. 
The spectra of these mixtures are located in appendix section 6.  
5.6    Blind sample testing – Analysis of ‘unknown’ mixtures via portable Raman and 
FTIR  
Blind sample testing was also conducted in this study. Ten mixtures of ‘unknown’ 
composition were prepared by a supervisor and analysed via both portable spectrometers.  
Due to its more extensive database, the mixtures were first analysed via portable FTIR. Note 
that sample 1 could not be analysed via FTIR due to the coarse nature of the materials present 
and the potential risk of damaging the ATR crystal or housing. 
When analysing the mixtures via portable Raman spectroscopy, ‘unknown’ mixtures 2 to 8 
were analysed using the vial holder accessory method (section 2.3.1). Due to the small 
sample size, samples 1 and 10 were analysed via the microscope accessory. For all mixtures, 
(except mixture 4), an integration time of 15seconds, an average of 3 scans and a box-car 
value of 2 were used. An integration time of 10 seconds, an average of 2 scans and a box-car 
value of 1 were used for unknown mixture 4.  
For both instruments, the database identification for each ‘unknown’ mixture was recorded. 
The true composition of each sample was provided at the conclusion of the analysis to 
determine the overall effectiveness of each instrument. 
5.6.1 Results  
In order to determine whether or not the mixtures were correctly identified, the ‘known’ 
composition of each mixture was disclosed to the analyst after all of the analyses and results 
interpretation had been completed. When interpreting the database identification provided by 
the instruments, the FTIR and Raman spectra of each ‘unknown’ mixture were compared to 
each other as the two techniques are complementary.  
The complementarity of these instruments is especially useful when interpreting the results 
provided by the Raman spectrometer. Since the Raman database provides a list of 20 possible 
identifications, the FTIR spectrum and library identification of an unknown mixture was used 
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to determine which of the Raman’s database suggestions were likely to be the most 
appropriate. Operationally, however, where possible, this approach should be avoided. Using 
the results from one analysis to help interpret the results of another can introduce contextual 
bias and may mean that the results are not truly independent. This approach was used in this 
study to determine if the correct identifications were being obtained.   
It is important to note that the interpretation of a Raman spectrum is, to some extent, 
influenced by the analyst’s experience and knowledge. If, for example, a white powder is 
analysed and the instrument suggests that the material is vegetable oil, an analyst would 
question this result. It would then be necessary to consider factors that may cause an incorrect 
result, and subsequently correct such issues. If an unexpected result is obtained, the analyst 
should first re-calibrate the instrument and then re-analyse the samples. If an analyst also 
strongly suspects that the mixture is composed of a certain material, and that specific material 
is not present in the top 20 suggested matches, the analyst should search the library manually. 
The analyst can obtain the spectrum of the material they think is present, and visually 
compare it the spectrum of the ‘unknown’ mixture. This approach was used in the 
interpretation of the mixtures analysed in this study.  
It is also important to note that the internal database employed by the Raman spectrometer is 
limited. Components of a mixture may, therefore, not be present in the database. If this is the 
case, the ‘Spectral ID’ algorithm cannot compare the spectrum of an ‘unknown’ mixture to a 
corresponding ‘known’ spectrum in the database. This is another reason as to why 
unexpected results were obtained when analysing mixtures via the portable Raman. To 
further assist the investigator, it is recommended that a device with internet connection be 
available at a pollution incident when employing these types of portable spectrometers. An 
investigator would then be able to search the materials that are identified by the database and 
locate a ‘known’ Raman or FTIR spectrum, via an internet search, thereby, allowing 
intelligence on a material to be gathered. This would be especially useful if a spectrum of the 
material you suspect it to be is not in the on-board database. It is important to note that such a 
process is especially required when using the portable Raman spectrometer due to the limited 
internal Raman database. The incorporation of a more extensive database would overcome 
the need for this process; however, due to the cost of commercial Raman databases, one 
could not be purchased for this study.  
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Table 19 indicates the identification of the ‘unknown’ mixtures as determined by the portable 
Raman and FTIR spectrometers. This table also outlines a visual description of the materials 
and their actual (‘known’) composition. The Raman database was updated with the 
‘unknown’ materials after the experiment was completed (for those that were not originally 
present in the database) and the samples were re-analysed.  Table 19 also indicates the Raman 
identification obtained once the composition of each mixture was disclosed to the analyst.  

























Not analysed on 
FTIR due to coarse 









sulphate and  
Ammonium 
ferrous sulphate 
No match found – 
despite strong 
molecular signal, 


























(Staples) – water, 
sodium Laureth 
sulphate 






































No match found – 
despite strong 
molecular signal, 
the system could 
not reliably 
identify this 














identified   
No match found – 
despite strong 
molecular signal, 

















































As indicated by the results summarised in Table 19, before the Raman database was updated, 
the portable FTIR was more effective for the analysis of the mixtures. The FTIR instrument 
was able to identify all of the materials present in 3 of the 9 samples. For ‘unknown’ mixtures 
4, 9 and 10, a partial identification was obtained. For each of these samples, only one 
component was not identified. For mixtures 2, 7 and 8, despite producing strong molecular 
signals, the instrument could not reliably identify the materials present in those mixtures.  
In regards to the ease-of-use, the portable FTIR spectrometer proved to be simpler to use as 
the results were easier to interpret and the operating parameters were pre-determined by the 
manufacturer (no user input required). When employing this spectrometer at a pollution 
incident, this is an advantageous feature of the instrument, especially if the analyst has 
minimal (or no) experience using portable spectrometers.  
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In terms of the Raman spectrometer, nine of the materials used to form the ‘unknown’ 
mixtures were not originally in the internal database. Whilst the other 10 materials were in 
the database, only 2 of the materials in the ‘unknown’ mixtures were correctly identified.  
Once the composition of each material was disclosed to the analyst, all materials used to form 
the ‘unknown’ mixtures were analysed via the Raman spectrometer. The spectra of these 
materials were then added to the internal database. The spectrum of each ‘unknown’ mixture 
was again compared to the internal database to determine if the materials present could then 
be identified more effectively. After the database was updated, the Raman spectrometer was 
able to successfully identify 11 of the materials used in the mixtures. For mixtures 3, 5 and 6, 
all materials present in these mixtures were identified. The spectrometer was also able to 
partially identify 6 of the mixtures. For mixtures 1, 2, 4, 7, 8 and 9, at least one component 
was identified.  
It is important to address the fact that the new materials analysed in this study were added to 
a relatively limited database that did not contain any compounds of a similar nature. Hence, 
the Raman spectrometer was able to detect the new material added to the database, with a 
high level of certainty, because they were so different from the other compounds present in 
the database. If a more extensive database was employed that contained materials of similar 
structure to the material being analysed, the Raman spectrometer may have struggled to 
differentiate between two or more similar materials.  
For two of the mixtures (mixtures 2 and 9), whilst the exact materials themselves were not 
identified, the spectrometer was able to identify key molecular components present (e.g., 
carbonate and sulphate groups).  Whilst this is only a partial identification, an investigator 
can use this important intelligence to narrow down the type of material that may be present at 
a pollution incident. This intelligence can also be used to determine a likely source of the 
material from a nearby area.   
In all, the results of this study re-emphasise the notion that the internal Raman database must 
be augmented with the spectra of additional materials that might be encountered in actual 
pollution incidents. Although the portable FTIR is currently more effective, improving the 
internal Raman database (by adding more ‘known’ materials), will improve the instrument’s 
ability to further identify components in mixtures. This is an important area for future 
research. 
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The spectra for all mixtures analysed in this experiment are provided in supplementary 
appendix sections 8 – 10.   
5.7 Chapter Conclusion 
In this chapter, the portable Raman and FTIR spectrometer’s ability to identify mixtures was 
evaluated. To a limited extent, both instruments were able to correctly identify materials 
present in a mixture. Overall, the major contributing component of a mixture was always 
identified by both spectrometers.   
Although the portable FTIR spectrometer is meant to be able to identify up to four materials 
in a mixture, this was not supported by the results of this study. Instead, it was found that the 
effectiveness of both instruments significantly reduces when a mixture is composed of more 
than two materials. Both instruments are also more effective at analysing solid-based 
mixtures, in comparison to liquid-based ones.  
A commonly encountered mixture – materials in a water matrix – was also evaluated in this 
study. Different concentrations of a substance in water were analysed. Both suspensions and 
homogenous mixtures were evaluated. It was found that the quality of spectra decreases as 
the concentration decreases.  This proportional relationship was observed when analysing 
mixtures via both portable spectrometers.  In saying this, an unexpected result was obtained 
when mixtures of paint in a water matrix were analysed via Raman spectroscopy. It is still 
unclear as to why only the 50 wt% water and paint mixture produced a high-quality, useable 
spectrum, whilst other ratios provided spectra that were not useable. More research needs to 
be conducted to determine exactly why the other mixtures of paint in a water matrix did not 
produce high-quality spectra.   
When analysing mixtures via the portable Raman, two accessories are available – the vial 
holder and the microscope interface. The microscope interface allows a more targeted 
analysis to be conducted as the laser beam can be focused onto a specific particle. In 
comparison to the vial holder, the microscope accessory is more effective at analysing 
mixtures as it is able to correctly identify more materials that are present. In addition, only a 
small amount of material is required for an analysis using this accessory compared to when 
using the vial holder. The effectiveness of the microscope accessory is, however, influenced 
to some extent by the analyst’s competency level and experience using a microscope. This is 
  Page | 100  
because the analyst needs to be able to differentiate the particles present in a mixture, based 
on the different morphologies that are visible. This process can be difficult if there are many 
components in the mixture or the materials have similar morphologies.    
When comparing both instruments, this study found that the portable FTIR was more 
effective as it is able to identify more materials correctly, and at lower concentrations. This 
supports the existing literature’s position that FTIR is more effective for the analysis of 
mixtures when compared to Raman spectrometry (Chalmers et al. 2012). Where possible, 
however, when a mixture needs to be identified in situ, both instruments should be employed 
due to the complementarity of the two techniques. Due to its ease-of-use (no user-changeable 
elements) and more extensive database, the portable FTIR should be employed first. The 
results provided by the FTIR spectrometer can be used to assist with interpretation of the 
Raman results, therefore giving an overall more accurate identification. When there is a very 
minute amount of sample, however, the Raman spectrometer – attached to the microscope 
interface – should be employed first. It is, however, unlikely that only a trace amount of 
material will be recovered from a pollution incident.  
It is also important to reinforce the notion that whilst the spectrometers may not provide a 
specific identification for some mixtures, the spectral information obtained is still valuable. 
The spectral data of a mixture can provide important intelligence in situ and this information 
can be used to further direct an investigation (e.g., do two samples share a common origin?, is 
there a suspected source nearby that a reference sample can be obtained from? etc.). The 
intelligence can also be used to determine an appropriate clean-up method in a timelier, more 
cost-efficient manner. Overall, any information that can be obtained immediately in situ is far 
better than having no intelligence at all, which is the current problem that field investigators 
face.  
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  Chapter 6
Evaluation of portable spectrometers at the ‘Department of Planning, 
Industry and Environment’ (DPIE) facility 
 
6.1 Introduction  
In order to further evaluate the effectiveness of the portable spectrometers, the instruments 
were taken to the ‘Department of Planning, Industry and Environment’ (DPIE) facility in 
Lidcombe, NSW. At the DPIE facility, the spectrometers were used to analyse a range of 
casework samples in a standard scientific laboratory.  
6.2 Casework samples 
Twenty four samples were provided by the DPIE for analysis. The samples were ones that 
had been collected from previous environmental pollution incidents. The samples were 
analysed – without any knowledge of previous results – using both portable spectrometers. 
The methods previously described in section 4.2.2 (portable Raman) and 4.2.4 (portable 
FTIR) were employed. Table 5 outlines the Raman operating parameters used for this 
experiment.   
All samples (except for sample A1 and B1) were analysed using an integration time of 15 
seconds, an average of 3 scans and a box-car value of 2. An integration time of 8 seconds, an 
average of 3 scans and a box-car value of 2 were used for sample A1. An integration time of 
10 seconds, an average of 3 scans and a box-car value of 2 were used to analyse sample B1.  
A ‘sample brief’ was provided for each of the unknown samples. The brief outlined where the 
sample was originally collected from and what information the analyst was required to obtain 
from each sample. Based on the sample brief, sample B8 was deemed too unsafe to open and 
was therefore not analysed. The sample briefs are outlined in Table 20. Note that the same 
sample brief was also provided to the DPIE analyst who originally analysed the samples.  
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A description of each sample was also provided to assist the analyst. Both the sample brief 
and description were used in conjunction with the FTIR and Raman spectra in an effort to 
identify each sample.  For some of the samples, the spectral data was also used to determine 
if two or more samples shared a common origin (i.e. were they related?) or to determine if 
one sample could be the source of another. At the conclusion of the analysis, the nature of 
each material (previously determined by the DPIE) was disclosed to the analyst.  
By employing the spectrometers at the DPIE with realistic samples, the limitations and ease-
of-use of each instrument were further evaluated.  
6.2.1 Results 
As summarised in Table 20, the majority of samples could not be identified by either of the 
portable spectrometers. The portable FTIR spectrometer was only able to correctly identify 5 
samples (A8, A10, B1, B2 and C4), whereas, the Raman spectrometer could only identify 4 
(A8, B2, B9 and B10).  
It is important to note that 10 of the samples could not be analysed via the portable FTIR 
spectrometer due to the coarse nature of the materials present. Coarse materials cannot be 
analysed as they have the potential to scratch the ATR crystal and/or the crystal’s housing. In 
comparison, all samples could be analysed via the portable Raman spectrometer. 
Another problem encountered with the portable FTIR spectrometer was that aqueous samples 
could only be partially identified. According to Harvey et al. (2002), the analysis of aqueous 
solutions is notoriously difficult because, as previously stated; water is a strong absorber of 
IR radiation. Aqueous samples A2, A3, A7 and C5 were all identified as water. The 
limitations of the portable FTIR spectrometer discussed here must be considered when 
employing the spectrometer in situ.  
In contrast, the Raman spectrometer was able to generate spectra for all aqueous samples 
analysed in this experiment. Whilst it was not able to provide a specific identification for 
these samples, the spectra could still be used to determine whether or not certain samples 
shared a common origin. 
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reduced and a 
box-car of 3 was 
used.  
 
Despite not being able to identify most samples, the spectral data generated by both 
spectrometers was still useful and informative.  
Whilst the DPIE states that sample A4 and A5 are similar based on X-ray diffraction, 
elemental analysis and microscopy, the quality of the Raman spectra generated for these 
samples was too low to determine if the samples shared a common origin.  As shown by 
Figure 29, Raman spectroscopy is evidently ineffective for the analysis of soil samples as 
there are no indicative peaks in any of the spectra. As Luna et al. (2014) states, soil samples 
cannot be effectively discriminated because of matrix interferences. In addition to this, 
background fluorescence is likely to occur. Halvorson and Vikesland (2010) state that this 
will occur if the sample itself absorbs the laser line and subsequently re-emits it as the excited 
electrons are returning to the ground state.  
  









Figure 29. Raman spectra of unknown samples (A) A4, (B) A5 and (C) A6. 
None of the other soil samples analysed in this study produced high quality, useable spectra. 
If low-quality spectra are obtained in situ, an analyst cannot rely upon the data to identify a 
sample or determine whether or not samples share a common origin.  
By comparing the FTIR spectra of samples A9 and A10 (Figure 30), it was determined that 
the samples did not share a common origin. The two spectra had peaks in different locations 
and different intensities were also observed (e.g., in the 1650 [1/cm] region). Sample A10 
was also identified as calcium carbonate, whereas, sample A9 could not be identified by the 
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Table 20 also indicates that some samples could only be identified by only one of the 
spectrometers. For example, sample C4 was identified as polypropylene by the portable FTIR 
spectrometer, but it could not be identified by the portable Raman.  
The portable FTIR spectrometer was also able to correctly identify sample B1 as dimethyl 
sulfone. Whilst the portable Raman was not able to provide a database identification for this 
sample; as shown by Figure 31, a high-quality, useable spectrum for this material was still 




 region and there is no 








Figure 31. Raman spectra of ‘unknown’ sample B1. 
This reinforces the idea that an analyst must not simply rely on the database match, or 
alternatively, lack thereof. A high-quality spectrum, without an associated database 
identification, can still be used to gather important intelligence (e.g. for source 
determination). It also reinforces the need to continually add spectra of known materials to 
the internal Raman database. If dimethyl sulfone was in the database, an identification could 
have been obtained. The limited database is a constraint of the instrument that must be 
considered when employing the spectrometer at an environmental pollution incident.  
In contrast, some samples were correctly identified by both instruments. High quality, 
useable spectra were generated for both sample A8 (maltose) and B2 (paracetamol).   
The results of this study re-emphasises the notion that, where possible, due to their 
complementarity, both spectrometers should be employed in situ.  
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6.3 Chapter Conclusion  
Both portable spectrometers were employed to analyse a range of previously-analysed 
casework samples at the ‘Department of Planning, Industry and Environment’ facility in 
Lidcombe, NSW. The samples had originally been collected from environmental pollution 
incidents and submitted to the DPIE facility for analysis.  
The results of this study indicate that whilst a material may not always be identified, the 
spectral information can still allow crucial intelligence to be gathered (Penido et al. 2015). 
Spectral information can be used to determine if samples share a common origin which, in 
turn, can help an investigator determine the possible source of a pollutant. The spectral 
information can also be used to include or exclude sources of interest. Currently, no such 
information is provided to on-site investigators as samples must be transported to the 
laboratory for analysis. The in situ employment of these spectrometers can, therefore, allow 
for an intelligence-led investigative approach. This would enable the source of a material to 
be identified in a timelier manner. In turn, this would allow incident scenes to be cleaned-up 
using the most appropriate methods. In addition to this, in situ intelligence can be used to 
select the most appropriate type of packaging, thereby ensuring that the forensic integrity of a 
sample is maintained.  
The results of this experiment also reinforce the notion that, where possible, both portable 
spectrometers should be employed at an environmental pollution incident. The results 
provided by the second spectrometer can be used to validate the results provided by the first 
instrument. Alternatively, when one instrument fails to provide an identification, the other 
instrument may produce useful intelligence.  
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Traditionally, environmental pollutants are sampled in the field and subsequently analysed 
via laboratory-based analytical instruments. This is a time-consuming process that delays the 
identification of potentially hazardous materials that may be detrimental to the health of 
investigators, the general public and the environment. It also means that, currently, no or very 
limited information about a material is available to field-investigators. It was, therefore, 
necessary to develop new intelligence-led forensic protocols, whereby, materials are 
immediately identified in situ (at least in a preliminary fashion). This project aimed to 
determine if field-portable Raman and FTIR spectrometers were a viable option for the rapid 
in situ identification of pollutants, and if so, to what extent.  
An evaluation of two portable spectrometers was conducted. The portable FTIR spectrometer 
employed in this study was the TruDefender FTX by Thermo Scientific whilst the portable 
Raman spectrometer was the EZRaman-NP Analyser from TSI Incorporated. A wide range of 
materials that are representative of those which may be encountered at pollution incidents, 
were analysed in this study.  
This chapter addresses the key findings of this study, including the advantages and limitations 
of each instrument; their ease-of-use; their effectiveness at analysing certain sample types; 
and in which environment each spectrometer can be employed. This chapter also highlights 
important areas for future work that should be addressed in order to further improve the 
effectiveness of both portable spectrometers for such applications.  
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7.2 Key findings and applications 
To evaluate the effectiveness of each portable spectrometer, both instruments were optimised 
to identify a range of materials that are representative of those encountered at pollution 
incidents. In terms of the Raman spectrometer, this study found that whilst a universally 
applicable set of optimal operating parameters was not identified, an integration time of 15 
seconds, an average of 3 and box-car value of 2 produced the highest-quality spectra for most 
samples. It is important to note that the portable FTIR spectrometer’s operating parameters 
cannot be changed. All operating parameters are pre-determined by the manufacturer.  
In addition to this, the optimal Raman sampling protocol for a range of materials was 
established. This study found that, depending on the type and amount of sample available for 
analysis, a specific sampling accessory must be used to obtain a high-quality spectrum. For 
both liquid and powder samples, the highest quality spectrum was generally obtained when 
the vial holder accessory is employed. The vial should be at least half full to ensure that the 
laser targets the sample effectively. For trace amounts of substance, the microscope accessory 
should be used. When analysing samples on the portable FTIR spectrometer, the highest 
quality spectrum was obtained when the ATR crystal was completely covered with sample. 
When analysing liquid samples, the liquid ‘sampling accessory cup’ should be used to 
minimise evaporation.  
Once the data generated by each portable instrument was compared to each other, it was then 
compared to the data generated by their laboratory-based equivalents. This enabled areas of 
complementarity and differences between the spectrometers to be identified. Overall, it was 
found that, whilst the laboratory-based spectrometers produce slightly higher-quality spectra, 
the portable instruments were still highly suitable for their intended purpose.  
A comparison of the instruments also identified the advantages and limitations of each 
spectrometer. An advantage and key difference between the spectrometers is the Raman 
spectrometer’s ability to measure through transparent glass surfaces (e.g., glass vials and 
some clear plastic bags). For first responders, this is a highly advantageous feature of the 
portable Raman instrument. They would be able to use the direct contact probe accessory to 
measure unknown, potentially hazardous materials found in clear containers at a scene. Not 
only does it protect the forensic integrity of a sample, it also reduces the risk to first 
responders as they can avoid direct contact with potentially hazardous substances. The 
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portable FTIR, however, is unable to do so and this is an important limitation of the 
instrument. 
Another advantage of the Raman spectrometer is its ability to analyse aqueous solutions more 
effectively than the FTIR spectrometer. Water is a strong absorber of IR; therefore, this 
produces a strong FTIR signal when aqueous solutions are measured via the portable FTIR 
spectrometer. Whilst conducting analysis at the ‘Department of Planning, Industry and 
Environment’ (DPIE) facility, the 4 aqueous samples were identified as water. This is a 
limitation of the FTIR spectrometer, and it must be considered when employing the 
instrument in situ. In contrast, however, Raman provides a weak signal of water. Generated 
spectra will, therefore, represent the materials present in the aqueous solution, rather than the 
water itself. The Raman spectrometer was able to generate spectra for each of aqueous 
samples analysed at the DPIE.   
In order to determine whether or not changes in ambient temperature and humidity affect the 
quality of spectra obtained, both portable spectrometers were evaluated at six different 
environments. Each location exhibited different temperature and humidity levels. The 
selected environments represented those in which the spectrometers would typically be 
employed. It was found that the quality of spectra remained consistent across these 
environments, regardless of variations in temperature and humidity. Whilst it is 
recommended that both spectrometers be employed at an incident scene (due to their 
complementarity), the spectrometers are not suitable for use in all environments. The portable 
FTIR, in particular, struggled to obtain spectra in the cool room environment – despite being 
employed within its optimal operating temperature range as specified by the manufacturer       
(-20°C to +40°C). The instrument constantly froze, condensation quickly occurred, and the 
instrument would not conduct a background scan, nor would it analyse any samples. This was 
most likely due to the lubricant within the interferometer compartment “freezing” up, 
therefore causing the interferometer’s moving mirror to become immobile. In order to use the 
spectrometer in this environment, the instrument had to be constantly removed and warmed 
to room temperature. In terms of use at an incident scene, this would not be practical. It is 
therefore not recommended for use in environments below zero degrees Celsius. The portable 
Raman spectrometer should be employed instead if this situation is encountered. It is 
important to note that this issue may have been a problem with our specific portable FTIR. 
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To confirm the findings of this experiment, more portable FTIR spectrometers should be 
evaluated under these environmental conditions.   
In contrast, however, it is important to note that no significant problems were encountered 
with the portable Raman spectrometer when used in any of the environments evaluated in this 
study. As the instrument and its accessories are black, the instrument/carry case did heat up 
when used outside in the sun. Users should be cautious of this when employing the system in 
warm, sunny environments. 
Evaluating the portable spectrometers at the DPIE facility provided access to 24 materials 
from actual pollution incidents. The portable FTIR spectrometer was able to identify 5 
samples correctly, whereas, the Raman spectrometer was able to identify 4. It is important to 
note that 11 of the samples could not be analysed via the portable FTIR spectrometer due to 
the coarse nature of the materials present (which have the potential to scratch the ATR 
crystal). In comparison, all samples could be analysed via the portable Raman spectrometer. 
In saying this, not all samples could be effectively analysed. Eleven soil samples were 
analysed in this experiment. No characteristic peaks were visible in any of the samples when 
analysed via Raman. It is well demonstrated in the literature that Raman is not effective for 
the analysis of soils due to matrix interferences and background fluorescence. Research has, 
however, commenced in this area to improve Raman spectroscopy’s ability to identify soil 
samples and produce high-quality, useable spectra (Surtees 2015). In 2006, inventors Won 
Lee and Ismail Bogrekci patented the design for a portable Raman sensor which is capable of 
detecting minerals in soil (Lee & Bogrekci 2006). Although more work is required before it 
can be implemented, such an invention looks promising. 
In 2015, Surtees conducted a study to develop a Raman spectroscopy method which would be 
capable of identifying all components of a soil sample (i.e. both the organic and inorganic 
materials present). The method consisted of the oxidative preparation of samples followed by 
Raman spectroscopy. The study ultimately demonstrated that the method could be used to 
discriminate mineral species in soil. More research in this field will help to improve the 
identification capabilities of portable Raman spectrometers.  
It is important to note that whilst these instruments may always provide a specific 
identification of a sample, the spectra can still be used to gather important intelligence. The 
spectra may be used to determine whether or not samples share a common origin. 
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Alternatively, it can be used to identify the source of a pollutant if another sample is available 
for comparison. Obtaining any intelligence in situ is far better than having no (or very 
limited) information at all¸ which is the current problem that field investigators face. The 
employment of these portable instruments will allow an intelligence-led investigative 
approach to be used, which will, in turn, improve the safety and efficiency of investigations.   
The analysis of mixtures was another significant aspect of this project. This study found that 
when a mixture is composed of more than two materials, the effectiveness of both 
spectrometers is significantly reduced.  Both spectrometers are also more effective at 
analysing solid-based mixtures compared to liquid-based ones. In terms of analysing mixtures 
via the Raman spectrometer, the microscope accessory is more effective than the vial holder 
as it is able to focus on specific particles for analysis. This allows for a more targeted 
analysis. The concentration of a mixture will also affect the quality of the spectrum obtained. 
A higher concentration of material will produce a higher-quality spectrum when analysing 
mixtures via both spectrometers.  
When analysing mixtures in situ, both spectrometers should be employed at a scene where 
possible as the information provided by each spectrometer is complementary. Due to its ease-
of-use (no user-changeable elements) and currently more extensive database, the portable 
FTIR spectrometer should be employed first. The results provided by this instrument can be 
used to verify those provided by the portable Raman spectrometer. This would enable a more 
accurate identification to be determined. If, however, only a trace amount of material is 
encountered, the Raman spectrometer – attached to the microscope accessory – should be 
employed first.   
The findings of this project also resulted in the development of the ‘Standard Operating 
Procedures’ (SOPs) for each portable instrument. The SOPs will provide investigators with a 
uniform protocol for the rapid identification of materials at an incident scene, and can be used 
to help direct any subsequent laboratory analyses. By identifying a material in situ, the most 
appropriate site clean-up method can be implemented in a timelier, more cost-efficient 
manner.   
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7.3 Recommendations for future work 
The results described in this study provide a basis for future research on portable Raman and 
FTIR spectrometers, and their applicability at environmental pollution incidents in Australia 
and beyond.  
One area of focus should be further extending the internal Raman database. Most of the 
issues encountered in this study stemmed from the fact that the Raman database was limited 
and therefore could not identify certain materials. More comprehensive, ‘user-generated’ 
libraries are required to ensure accurate identification of unknown materials and also for the 
confirmation of known materials. This can be achieved by analysing more samples and 
adding their ‘known’ spectra to the database. This would improve the effectiveness of the 
portable Raman spectrometer. 
Another important area for future research is the further analysis of mixtures. Whilst the 
results of this study indicate that portable Raman, in particular, is not very effective for the 
analysis of complex mixtures, research in this area has commenced to further investigate the 
instrument’s effectiveness (Noonan et al. 2009; Olds et al. 2012). Adding mixtures of 
‘known’ concentrations is a possible solution that may help improve the instrument’s ability 
to identify mixtures. Due to time constraints, this was beyond the scope of this project. It is 
important to reinforce the notion that the analysis of mixtures is problematic with various 
forms of spectroscopy. This is not a problem that is specific to portable Raman and FTIR 
spectrometers. It is a weakness attributed to the analytical technical itself (Zeng 2019). Zeng 
(2019) states that the issue lies in the lack of an appropriate searching algorithm that can 
accurately identify and compare mixtures in a database. Currently, searching algorithms will 
measure the similarity between spectra by using correlation, absolute value corrections, least-
squares and Euclidean distance. These methods are only effective for the comparison of 
single, pure compounds.  To overcome this issue, Zeng (2019) stresses the importance of 
developing chemometric methods that are able to identify all components of a mixture. As 
Ferraro et al. (2003) and Zeng (2019) states, research has also commenced in this area. As 
new databases and algorithms are developed, the portable FTIR and Raman’s ability to 
identify mixtures will significantly improve.  
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7.4  Concluding remarks  
This study found that portable Raman and FTIR spectrometers are viable instruments for the 
in situ identification of materials that are representative of those encountered at pollution 
incidents. The SOPs generated as an outcome of this study are invaluable tools that can be 
used by investigators to efficiently identify materials onsite in minutes rather than hours or 
days later back in a laboratory facility.   
In addition, employing portable spectrometers at a scene will ensure that relevant samples are 
submitted for further laboratory analysis. The preliminary in situ results can also be used to 
help direct subsequent laboratory analysis by providing analysts with a starting point for their 
investigation. Although a material’s identity may not always be obtained, important 
intelligence can still be gained by interpreting the generated spectra. Spectra can be compared 
to determine if materials are from the same source, or alternatively, to locate the source of a 
pollutant if a reference sample can be obtained from a suspected source nearby. If the 
spectrometers only provide a partial identification or they suggest a range of similar 
materials, this information can be used to narrow down a potential source near the scene.  
It is important to note that, whilst they are very effective for their intended purpose, both 
portable spectrometers have limitations that must be considered when sampling materials in 
situ. With continued research on these instruments, the effectiveness of portable Raman and 
FTIR spectrometers for the in situ identification of materials related to pollution incidents 
will continue to improve.  
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Appendices 
 
In addition to the content provided in these appendices, a ‘supplementary 
appendix’ has been provided with this ‘Master of Research’ thesis.  
The supplementary appendix has been uploaded to ‘CloudStor’ and contains 













Standard Operating Procedure  
EZRaman-NP-785 portable Raman 
spectrometer 
Appendix 1 – Portable Raman spectrometer ‘Standard Operating 
Procedure’ (SOP) 
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SOP number SSH-283 
Title 
Standard Operating Procedure for portable Raman spectrometer 
Version: 1                         Last Reviewed: 23/01/2019 
 
 
*Note: This Standard Operating Procedure must be reviewed after any accident, 
incident on near-miss; if adopted by a new work group; if equipment is relocated, 
updated or replaced; or within 2 years of date of issue. 
 
1. Scope and Applicability 
 
This Standard Operating procedure (SOP) is for the following portable Raman spectrometer 
and associated accessories (see section 11.1): 
Model: EZRaman-NP-785 Analyzer  
Manufacturer: TSI Incorporated / ChemLogix (www.tsi.com)   
Supplier: Warsash Scientific Pty Ltd, Redfern NSW 2016 (www.warsash.com.au)  
S/N: 178195 
Purchased: September 2015 
 
Raman spectroscopy is an instrumental technique that analyses the bonds within a substance 
(solid, liquid or gas) to give information about its chemical composition. The technique can 
be used in the forensic examination of many evidence types, including paint, fibres, plastics, 
bulk explosives, illicit drugs, inks on documents, environmental pollutants and unknown 
substances. Spectra can be obtained non-invasively through transparent/translucent barriers 
such as glass, plastics, protective clear-coats and polymer laminates. This non-invasive 
Authorisation 
 Name Signature Date 
Author Chantelle Attard 29/01/2019 






Approver    
Special Approval BRSC Approval   
Next Review Date: 23/01/2021 
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sampling technique especially useful for the analysis of sealed, potentially dangerous 
unknown materials (e.g., substances retrieved from clandestine laboratories).  
 
The EZRaman-NP-785 Analyzer is a self-contained, person-portable Raman spectrometer, 
fitted with a Class 3b 785 nm laser (~300 mW output power). It comes with a range of 
sampling accessories making it a versatile system for both the field-based and laboratory 
analysis of a range of sample types.  
 
The purpose of this document is to outline the standard procedure for the use of this 
instrument. The radiation emitted from the EZRaman-NP-785 fibre optic probe is a Class 3b 
laser energy that is invisible to the naked eye. As such, it is capable of causing serious eye 
injury and blindness to anyone who looks directly into the beam or its reflections. For this 
reason, there is a special emphasis on Work Health and Safety (WHS) considerations.  
 
Note: Only trained and authorised individuals are permitted to use this equipment.  
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2. Location 
 
The portable Raman spectrometer will be principally stored and operated in room K16.G.21, 
Building K16, Hawkesbury campus. This room is kept locked and is only accessible to 
authorised individuals. When the instrument is not in use, the key to activate the instrument’s 
laser is stored separately in a key-safe located in room K16.G.17. When utilised in the mobile 
forensic laboratory on campus, the instrument will be stored securely in the locked mobile 
laboratory. 
 
Given that this is a portable instrument designed for field use, the instrument will also be 
operated at other locations both on Hawkesbury campus (e.g., Building H16, the Crime Scene 
Investigation Training & Research Facility) and off-campus depending on what training and 
research activities are being undertaken. When utilised for field-work, the instrument will be 
stored securely in a locked vehicle or mobile forensic laboratory. Off-campus use may also 




This SOP is for the general operation of the EZRaman-NP-785 Analyzer portable Raman 
spectrometer, including associated accessories. It does not cover standard procedures for 
field-work or travel for off-campus work, nor does it cover the handling of hazardous 
chemical or biological materials that may be analysed using this spectrometer 
 
4. Personnel and Training 
 
Principal users (including HDR students using the instrument as a major component of their 
project) must successfully complete laser safety training and must obtain additional specific 
training on the operation of the portable Raman spectrometer. Principal users also need to be 
listed on the associated approval issued by the University’s Biosafety and Radiation Safety 
Committee (BRSC). 
 
Principal users are also required to:  
 Undergo a baseline eye examination completed by an optometrist or ophthalmologist 
in accordance with the university’s Radiation Safety Guidelines; 
 Undergo an eye examination every 12 months (if they have used the instrument over 
that period) or immediately after any apparent or suspected laser exposure in excess 
of permissible exposure levels; and 
 Be familiar with the instrument manufacturer’s operating manual and the University’s 
Radiation Management Plan (see section 13). 
 
Research students using the instrument as a minor component of their project will need to 
discuss their requirements with a principal user. In such cases, it is recommended that the 
analyses are conducted by a principal user. Undergraduate students are not permitted to use 
the instrument. The instrument can be demonstrated to students by a principal user but the 
students must remain at a distance of no less than 1 m from the end of the fibre optic probe 
when analyses are being conducted. At this distance, it is not a requirement to wear laser 
safety goggles as it is well outside the Nominal Ocular Hazard Area (NOHA) regardless of 
what sampling accessory is being employed (see section 5). 
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5. Health and Safety Warnings, Cautions, Interferences 
 
The near-infrared (NIR) radiation emitted from the EZRaman-NP-785 fibre optic probe is a 
Class 3b laser energy (785 nm, ~300 mW) that is invisible to the naked eye. As such, it is 
capable of causing serious eye injury and blindness to anyone who looks directly into the 
beam or its reflections. When in use, ‘LASER IN USE’ warning signs must be positioned in 
and around the immediate area in which the laser is located. Before the laser is in operation, 
notify all personnel in the room or general area (if in use outdoors) that a laser is about to be 
activated. 
 
The system on/off key switch controls the electrical power to the system (see section 11.2). 
When the system is on, the green system-on LED (“SYS”) will light. The laser intensity is 
controlled by the optical power knob. Unless analyses are being performed, this knob should 
be turned to the lowest power setting (“MIN”). Laser on/off is controlled by the software. 
When the user initiates an analysis, the laser is activated by the software and the red laser-on 
LED (“LSR”) will illuminate. Note that the laptop can still be used if the system on/off key 
switch is in the off position; no analyses can be conducted and the EZRaman-NP Analyzer 
software will not function correctly, but other operations can still be performed (e.g., data 
back-up). 
 
The spectrometer has a safety interlock pin (“INTERLOCK”) that can be pulled out in case 
of emergency. This will immediately switch off the laser.  
 
When the standard lens tube is fitted to the fibre optic (see section 11.2), the laser focal point 
is 7 mm from the end of the lens tube. This is, ideally, where the sample to be analysed is 
positioned. From this point, the beam is diverging and the irradiance drops to safe levels at a 
distance of approximately 50 cm. Up to this distance from the end of the fibre optic probe is 
therefore considered to be the Nominal Ocular Hazard Area (NOHA). Permanent eye 
damage can occur within this zone. The same NOHA applies when using the contact lens 
tube or the XYZ stage. The operator should, therefore, stay “at arm’s length” from the tip of 
the probe when spectra are being recorded (which is the only time that the laser is active) and 
laser safety eyewear must be worn. Never look directly at the tip of the fibre optic probe, do 
not point the probe at anyone, and avoid specular reflection (highly reflective samples may 
inadvertently direct the laser beam towards the eyes). Note that the vial holder, which fits on 
the end of the standard lens tube (see section 11.2), is an enclosed system; however, laser 
safety eyewear must still be worn. When using the microscope accessory, the NOHA is well 
below 50 cm due to the microscope optics; however, the same control measures are required. 
 
Laser safety eyewear must be carefully handled and only cleaned using a microfiber cloth to 
avoid scratching the lens. Any lens damage can compromise their ability to block the near-
infrared output from the laser. Damaged eyewear should not be used and will need to be 
replaced. It is recommended that principal users are issued with their own laser safety glasses 
that they are required to maintain and inspect prior to use. 
 
To avoid damaging the optical fibres within the probe, special care must be taken when 
setting up and packing away the probe. Bending the fibre optic probe at an acute angle using 
force can damage the probe and result in leakage of laser radiation. A damaged probe must 
not be used and will require replacement by the manufacturer. Care must also be taken to 
avoid touching the glass tip of the probe. If it is scratched or damaged during use, it must be 
replaced immediately. 
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The instrument can run off both mains power or via a rechargeable battery pack. Battery 
operation is generally limited to less than 4 hours. The instrument is to be stored and used 
within an optimal operating temperature range of 10–40°C. This will ensure that the 
instrument does not overheat or become affected by condensation. Do not operate the 
instrument in the rain or near bodies of water as electrocution may occur. The computer 
attached to the instrument may also be damaged. 
 
The instrument itself is quite heavy (10–15kg). The addition of accessories will increase this 
weight load. Ensure that a correct lifting technique is used to avoid physical injury. The 
instrument should only be operated on a stable surface. 
 
Note that the quality of the recorded spectra can be adversely affected by extraneous light. As 
such, it is recommended that the instrument be operated in a darkened area (e.g., examination 
room or mobile lab) or, if used outdoors, with a light shield around the sampling 
area/accessory. 
 
Acetonitrile (ACN) is used to calibrate the instrument. It is highly flammable and toxic 
(harmful if swallowed, if inhaled and if in contact with the skin). ACN should only be 
dispensed in a fume cupboard using appropriate PPE. ACN is analysed on the Raman 
instrument directly from a capped vial using the vial holder accessory. 
 
All maintenance and repairs on the instrument are to be performed by a qualified individual 
nominated by the supplier. Such activities are to be recorded in the instrument logbook. 
Unauthorised repairs can compromise the integrity of the spectrometer and increase the risk 
of hazardous laser exposure. 
6. Personal Protective Equipment 
 
 Laser safety glasses (to block the 785 nm laser output) 
 Laboratory coat 
 Enclosed footwear 
 Disposable gloves (depending on the nature of the samples being analysed) 
 Splash-proof safety glasses (for dispensing ACN) 
 
7. Permits/Licenses, Special Approval 
 
Operation of this equipment requires approval from the University’s Biosafety and Radiation 
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8. Pre-Use Instructions 
 
8.1. Equipment & Materials 
 
Basic operation of the spectrometer requires the following: 
 EZRaman-NP-785 Analyzer with the fibre optic fitted with the standard lens tube 
(standard probe) 
 System key (stored separately from the instrument and required to activate the laser 
and conduct analyses) 
 Vial holder (fits on the end of the standard probe) 
 Glass vials to fit vial holder 
 Laser safety eyewear and other required PPE (as per section 6) 
 Laser warning signs 
 Acetonitrile (for calibration of the spectrometer) 
 
The following accessories are also available for particular applications: 
 Lens tube for contact sampling (direct contact probe) 
 XYZ probe holder 
 Microscope with Raman-to-microscope adapter (for microscope-based measurements) 
 
8.2. Log Book 
 
Each use of the instrument is to be recorded in the instrument logbook. This is to include the 
date, operator name, purpose, duration of operation, any problems encountered, and operator 
signature. 
 
8.3. Instrument Set-up 
 
The equipment, including any required accessories, is to be set up on a clean and stable 
surface such as a laboratory bench or table. Access to mains power is required if the 
spectrometer’s internal battery is not being used. 
 
Prior to use, the instrument – in particular the fibre optic probe – is to be checked for any 
damage. If damage is evident then the spectrometer is not to be used and repairs are to be 
arranged. 
 
8.4. Charging the Internal Battery 
 
To recharge the internal battery, connect the power supply and make sure that the power slide 
switch is in the “BAT” position. The charge LED (“CHR”) will illuminate. The time required 
to fully charge the internal battery is ~5–6 hours. A fully-charged battery will permit 




The instrument is calibrated using the Raman bands that are generated via the analysis of 
ACN. A glass vial filled with ACN and the vial holder accessory is required for this analysis. 
It is strongly recommended that calibration is conducted at the start of each day that analyses 
are undertaken. Section 11.3 details the calibration procedure. 
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Water has a very weak Raman signal (which is not the case for IR spectroscopy) so Raman 
spectra can be collected from damp materials as well as aqueous solutions. The Raman signal 
is also relatively unaffected by CO2 in the air. Raman spectra can be obtained non-invasively 
through transparent/translucent barriers such as plastics, glass, glazes, polymer laminates and 
paint clear coats. This non-invasive sampling is important, especially in the analysis of 
unlabelled, sealed and potentially dangerous materials such as those often retrieved from 
clandestine laboratories. It is important to ensure that the laser beam is focussed through the 
barrier and onto the target. It is also recommended that the spectrum of the barrier/container 
be recorded to check for any background fluorescence or any potential interfering Raman 
bands.  
 
In most cases, no special sample preparation is required, and the technique is non-destructive 
if the appropriate laser power is used. Samples can be presented to the Raman instrument for 
analysis using a number of different methods. The nature of the sample will usually 
determine the method of choice. This decision is left to the analyst. Various sampling 
accessories are available (see section 11.4). 
Solid Samples 
 
Depending on the nature and size of the solid sample, analyses can be performed using one of 
the following modes:  
 Extremely small samples, such as textile fibres and paint chips less than around 1 
mm
2
, should be placed on a glass microscope slide and analysed using the microscope 
accessory; 
 Larger samples can be analysed directly using the fibre optic probe fitted with either 
the standard lens tube (7 mm focal distance) or the lens tube for direct contact 
sampling;  
 Depending on the size of the sample, it may be advantageous to use the XYZ probe 
holder (in which case the standard lens tube must be fitted to the fibre optic probe); 
 Solid samples such as tablets or powders that are already contained within clear 
plastic bags can be analysed through the plastic bag using the contact sampling lens 
(with a background spectrum of the bag itself also recorded);  
 Powders can also be placed within a glass vial and analysed using the vial holder 




Liquids (including aqueous solutions) can be analysed in capped glass vials of a size suitable 
for the vial holder accessory. The vial is filled with the liquid and capped. It is recommended 
that the spectrum of the glass container be recorded to check for any background fluorescence 
and/or any potential interfering Raman bands. 
 
If the liquid of interest is already in a clear glass container then it can be analysed through the 
container using the fibre optic probe fitted with the standard lens tube. Again, it is 
recommended that a spectrum of the container itself is recorded. 
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Mixtures 
 
It is important to note that the portable Raman is not effective at analysing mixtures 
containing more than two materials.  
 
If the composition of the mixture is unknown, use the vial holder accessory to analyse the 
sample. If the composition is known (or the analyst strongly suspects that a particular 
material is present) use the microscope interface. The microscope accessory can be used to 
target specific particles in a mixture; therefore, this increases the chance of identifying 




Note: The operating instructions summarised below are based on information detailed in the 
manufacturer’s operating manual that was supplied at the time of purchase. A PDF copy of 
this manual is available on the instrument’s integrated laptop. The user should consult the 
operating manual if further information is required. 
 
9.1. System Start-up 
 
If using battery power, make sure that the power slide switch is in the “BAT” position (see 
section 11.2). If using mains power, connect the power supply and make sure that the power 
slide switch is in the “EXT” position.  
Make sure that the optical power knob (“LSR PWR”) is at the lowest setting (“MIN”). Turn 
the “SYSTEM” key switch to the “ON” position. The green system-on LED (“SYS”) will 
illuminate. The green LED will blink on and off if the system temperature is not ready or if 
the system has not stabilised. When the laser is ready to be turned on (i.e., when analyses can 
be conducted), the green LED will stop blinking and will remain illuminated.  
 
Start up the integrated laptop and run the EZRaman-NP Analyzer software. 
 
9.2. Software Operation 
 
The EZRaman-NP Analyzer software consists of four main areas: (i) the spectrum display 
screen, with Raman shift in wavenumbers (cm
-1
) on the X-axis and intensity on the Y-axis; 
(ii) the menu bar across the top, containing all of the functions of the program; (iii) button 
icons just below the menu bar, providing single-click access to the main functions; and (iv) 
the parameter setting fields to the left of the spectrum display. When undertaking a 
measurement, it is important to set the laser intensity (using the optical power knob) and the 
CCD integration time (s) to produce a signal of adequate intensity but without saturating the 
detector (maximum 60,000 counts). The averaging parameter indicates the number of 
measurements that will be taken and then averaged. An increased value will improve the 
signal-to-noise ratio but will increase the analysis time. A smoothing parameter is also 
available that can be adjusted as required to improve spectral quality. The CCD integration 
time, averaging parameter and smoothing parameter can be adjusted in the parameter settings 
field to the left of the spectrum. 
 
Single scans or continuous scans can be initiated via the menu bar (“Collect” menu) or by 
clicking the relevant button icon. X-axis and Y-axis scales for the spectrum display can be 
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adjusted using the relevant parameter setting fields. A detailed description of the software is 
available in chapter 4 of the operating manual. 
 
9.3. Sample Analysis 
 
The laser source from the spectrometer needs to be focussed on the sample using the 
appropriate accessory (i.e., fibre optic probe and the standard lens tube, fibre optic probe and 
the contact lens tube, or the microscope-based accessory). If the XYZ probe holder is 
employed then the position of the probe head can be adjusted using the XYZ controls until 
the maximum signal is obtained. The laser power and integration time should be adjusted to 
produce a signal of adequate intensity but without saturating the detector (maximum 60,000 
counts). 
 
The “Average” parameter sets the number of measurements used to produce an average 
spectrum. The default value is 1 but this can be increased to improve the signal-to-noise ratio; 
however, this also increases the total analysis time. 
The “Boxcar” parameter is a smoothing function with a default value of 1. The associated 
algorithm smoothes out the recorded spectrum, with increased values resulting in increased 
smoothing. Increased values should be used with caution as they can result in the loss of fine 
detail in recorded spectra. 
 
The “Continuous Scan” mode can assist in positioning the sample to maximise the Raman 
signal (e.g., when using the XYZ probe holder or microscope accessory). Once optimum 
sample positioning and instrument parameters have been determined (including laser power 
and integration time), the spectrum can be recorded using the “Single Scan” mode. The final 
spectrum will be displayed when the analysis is complete and this can then be saved using the 
“Save Data” button icon or via the “File” menu.  
 
Baseline correction, if required, can be performed using methods described in chapter 7 of the 
manufacturer’s operating manual. 
 
9.4. Using Different Sampling Accessories 
 
Direct Contact Probe 
 
Unscrew the standard lens tube from the end of the fibre optic and replace it with the lens 




The vial holder is fitted on the end of the standard lens tube and held in place using the 
thumbscrew (see section 11.2). 
 
XYZ Probe Holder 
 
The standard probe (fibre optic fitted with the standard lens tube) is inserted into the probe 
holder on top of the XYZ stage and held in place with the thumb screw. The sample to be 
analysed is placed on the stage – using a glass slide or other suitable support for smaller 
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Unscrew the standard lens tube from the end of the fibre optic and replace it with the lens 
tube for the microscope accessory. Then, fit the probe to the top of the Raman-to-microscope 
adapter using the thumbscrew, making sure that the indicator arrows are aligned. The 
microscope accessory is connected to the integrated laptop via a USB cable that runs from the 
Raman-to-microscope adapter. This adapter has an in-built light source (with intensity control 
knob) and camera for sample imaging. 
The sample to be analysed is placed on a microscope slide, the slide positioned on the 
microscope stage, and an appropriate microscope objective selected (depending on the size of 
the sample). To view a live image of the sample on the laptop, open the SPCViewer software 
and adjust the intensity of the light source using the control knob on the Raman-to-
microscope adapter. 
 
Adjust the focus of the microscope to obtain a sharp image of the sample then reposition the 
sample using the microscope stage adjustments to select the area for analysis. The analysis 
will occur at the centre of the field of view. 
 
9.5. Spectral Search 
 
Make sure that the spectrum that needs searching has been saved in “.spc” format from the 
EZRaman-NP Analyzer software. Run the Spectral ID software and then open the spectral 
file of interest (*.spc) via the File menu or the “Open” button icon. Make sure that search 
libraries have been selected (“Tools”  “Choose Libraries”). Launch the search process via 
the menu (“Search”  “Spectrum Search”) or via the “Spectrum Search” button icon. After a 
short delay, the search results will be displayed. 
 
9.6. System Shut-down 
 
Turn the laser power knob to the minimum position (“MIN”). Close down the operating 
software then turn the “SYSTEM” key switch to the “OFF” position and remove the key. The 
green system-on LED (“SYS”) will be off. Shut down the integrated laptop. 
 
After shutting down the system, make sure that all entries in the instrument logbook are 
completed. Pack up the system and take special care with the fibre optic probe as excessive 
bending can fracture the fibre optics and/or the metal sleeve (which could lead to light 
leakage that is potentially dangerous to unprotected eyes). 
 
9.7. Spectral Interpretation and Reporting 
 
Typically, Raman spectroscopy is employed to either:  
 Identify an unknown material; or 
 Compare two materials to see if they may be from the same source. 
 
Identification of an unknown substance using Raman spectroscopy is achieved by comparing 
the spectrum of the unknown material with that of known standard materials stored in a 
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database or published in the literature. If available, the Raman spectrum of an authentic 
sample can also be recorded for comparison. It is useful to view the Raman spectra overlaid 
on a common scale to facilitate the comparison of an unknown spectrum with reference 
spectra.  
A spectral library search can also be used to give an indication of the compounds present. It 
should be noted that the library search will only be effective with relatively pure samples. 
Confirmation of the identification of pure samples and the identification of mixtures can be 
achieved by comparison with reference spectra.  
 
Comparison of multiple spectra from the same sample will permit an evaluation of within-
sample variation. The extent of within-sample variation may be important in determining 
whether differences between two samples are significant or not.  
 
It is important that the analyst is aware of the following:  
 When comparing spectra recorded using different laser sources, the relative intensity 
of the bands (Y-axis) will be affected by the wavelength-dependent response of the 
spectrometer. This effect should not be confused with the Raman shifts (X-axis) 
which are wavelength-independent. Thus, although the X-axis and Y-axis features of 
a Raman spectrum collected using the same laser excitation can be compared directly, 
the relative intensity (Y-axis) of the Raman bands collected using different lasers 
(e.g., 514 nm and 785 nm) will be different and any spectral comparison must take 
this into consideration.  
 Complete Raman identification of an unknown compound relies heavily on having a 
perfect match from a set of spectra for standard compounds. It is possible that a 
chemical species yielding a good Raman signature may be unidentifiable by the 
Raman technique due to the lack of a spectral match from the available reference 
database. However, such spectra can still be used for comparison and/or 
differentiation without specific knowledge of the identity of the chemical species 
themselves.  
 
If the Raman spectrometer is being used to identify a compound:  
 The identified compound is reported and the reference library used should be noted.  
 The presence of other compounds (if applicable) within the tested sample should also 
be reported.  
 
If the Raman spectrometer is being used to compare two samples:  
 Comment should be made on the within-sample variation of the items analysed. 
 The presence or absence of significant differences between samples should be 
reported.  
 
If two samples are compared (e.g., paint chips or textile fibres) and no significant difference 
is observed between the recorded spectra, then it is possible to conclude that the result 
supports the proposition that the two samples are from the same source. 
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All samples/materials must be safely and correctly disposed of according to their relevant 
SDS specifications. The SDS for any material used in an experiment should be easily 
accessible by the researcher. A physical copy of the SDS for common materials can be found 
in all K12 research labs (Hawkesbury campus). It is highly recommended that a researcher 
maintains their own SDS copy for each sample/material they will handle. 
 
If the sample is of an unknown nature, it must be disposed of in a hazardous samples bin 




Acetonitrile is a hazardous material that is both toxic and flammable. It must be stored in a 
relatively cool, dry place. It must be disposed of into an appropriate hazardous waste 
container. If a spill occurs, clean it up immediately and rinse the surface down with copious 
amounts of water. Do not discharge ACN into drains or the environment. 
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11. Appendices 
 
11.1. Instrument Specifications & Accessories 
 
EZRaman-NP-785-B field-portable Raman spectrometer 
 
 785 nm frequency stabilized, narrow linewidth diode laser  
 Laser linewidth <0.15 nm  
 Adjustable optical power output from zero to ~300 mW  
 Estimated laser lifetime >10,000 hours  
 Electronic laser shutter control  
 High throughput f/1.6 CCD spectrograph for use with 785 nm excitation  
 CCD detector cooled to 25°C below ambient for low noise.  
 Spectral range from 100 to 3300 cm-1  
 Average spectral resolution approx. 7 cm-1  
 Pixel resolution approx. 1.8 cm-1 per pixel  
 16-bit dynamic range for signal intensity  
 High throughput fibre optics probe, for 785 nm excitation  
 Rayleigh rejection O.D. >8 at laser wavelength  
 7 mm working distance from the tip of the probe to focal point (with standard tip)  
 1.2 meter jacketed fibre optics cable  
 19 VDC power supply, 100-240 VAC 50/60 Hz input  
 Operating temperature range: 10°–40°C 
 Field-portable enclosure with integrated rechargeable lithium battery (maximum 
operating time ~4 hours) and compact computer 
 EZRaman-NP Analyzer (v. 8.2.0) instrument control and data collection software 
 Spectral ID (v. 9.2) spectral database management and database search software  
 SPCViewer (v. 5.8) imaging software (for use with the microscope accessory) 
 ST Japan Raman library complete collection (8,694 spectra)  
 Vial holder 
 Direct-contact lens tube 
 XYZ probe holder 
 Microscope with Raman-to-microscope adapter 
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11.3. Calibration Procedure 
 
Regular calibration of the Raman spectrometer is strongly recommended. A set of reference 
wavenumbers of the calibrating sample is required in order to calculate out the pixel number 
to wavenumber relationship. The example provided here illustrates how to use acetonitrile 
(ACN) as a calibrating medium as recommended by the instrument manufacturer. The 
following table provides a reference list of ACN wavenumbers. All that is needed for 
calibration is to determine the pixel numbers corresponding to the measured peaks. These 
numbers are transferred to the X-axis calibration menu in the instrument software. 
 
Peaks Pixels Wavenumber (cm
-1
) 
1  378 
2  918 
3  1376 
4  2252 




1. Click ‘Pixel’ in X-axis, and then do a single scan to obtain the sample’s spectrum. 




2. Click ‘Peak Search’ button (or choose peak search from the menu) to obtain the 
peak’s pixel locations. Record the pixel numbers of the peaks into the provided 
worksheet. Associate the pixel numbers to the corresponding peaks.  
3. Open the X-axis Calibration Menu. On the ‘Peaks for Calibration’ window, enter 5 
peaks, and then click ‘apply’.  
4. Under the ‘Input Parameters’ window, only 5 peaks are shown with filled pixels and 
wavenumbers.  
5. Transfer the pixel number from the worksheet table to the ‘Input Parameter’ window.  
6. Click the ‘Calculate’ button to calculate the calibration coefficients.  
7. Click the ‘Save CAL’ File button to save the calibration file.  
8. Finally, click the ‘OK’ button to apply the correlation to the program.  
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11.4. Sampling Accessory Selection Table 
 













> 0.5 mL 
XYZ stage 
 Solid samples (e.g., whole 
drug tablets) 
 Powders 
> 0.5 g 
Direct contact probe 
 Solid samples (e.g., whole 
drug tablets) 
 Powders 
 Liquids in a clear glass vial 
(volatile/non-volatile) – 
measuring via the vial 
holder accessory is the 
preferable method 
Direct probe: > 0.5 g 
 
Measuring through a 
vial: > 1 mL of liquid 
sample 
Microscope 
 Solid/powder samples 
 Do NOT use for liquid 
samples (volatile or non-
volatile) 
Use when trace 
amounts of sample are 
available for analysis 
(e.g., a single particle 






















ACN  Acetonitrile  
CCD  Charge Coupled Device; this is the "sensor" in the spectrometer used 
to detect the Raman signal  
Fluorescence  The emission of light energy from an atom, molecule, or ion resulting 
from excitation due to the absorption of photons  
Frequency  The number of cycles (whole waves) per unit time  
IR  Infrared  
Laser  An acronym for light amplification by stimulated emission of 
radiation; an optical device that produces an intense monochromatic 
beam of coherent light  
NIR  Near-infrared  
NOHA  Nominal Ocular Hazard Area  
PPE  Personal Protective Equipment  
Raman scattering  Light scattered at frequencies that are the difference between the 
incident frequency and the vibration frequencies of the scattering 
material  
Wavelength  Distance between successive crests in an electromagnetic wave, 
usually given in nanometres (nm) for the visible and NIR regions  








Acetonitrile Safety Data Sheet, Sigma-Aldrich (www.sigmaaldrich.com), Product Number 
271004, Version 4.10, accessed 22 January 2019. 
 
EZRaman-NP Analyzer Operating Manual, TSI Incorporated, 2015 (available as a PDF file 
on the instrument’s integrated laptop). 
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14. Document Information 
 
Version Control 
Version Author  Reason for review Date 
1.0 Chantelle Attard New SOP 29/01/2019 






Current electronic copies are stored in the ‘Signed PDF’s folder on the WHS 
Documentation SharePoint site: 
https://uwssharepoint.uws.edu.au/sites/SoSH/WHSDoc   
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Appendix 2 – ‘Tiny Tag’ sensory data for portable Raman  
Table 2.1. ‘Tiny Tag’ sensory data – Temperature and humidity recorded at different 
environments where the portable Raman spectrometer was evaluated 
Environment Time Temperature (°C) Humidity (% RH) 
1 – Outside (In the 
middle of a field 
near building H16) 
9 am 10 88 
12 pm 25 60 
3 pm 14 55 
2 – Inside 
warehouse-type 
building 
9 am 26 54 
12 pm 30 38 
3 pm 27 47 





9 am 19 65 
12 pm 28 43 
3 pm 25 53 
4 - Inside the mobile 
forensic laboratory 
(standard operating 















6 – Inside a 
standard scientific 
laboratory 
9 am 23 73 
12 pm 26 62 
3 pm 23 72 
  








Standard Operating Procedure  
TruDefender FTX portable FTIR 
spectrometer  
 
Appendix 3– Portable FTIR Spectrometer ‘Standard Operating 
Procedure’ (SOP) 
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SOP number SSH-Click here to enter text. 
Title 
Operation of the Portable FTIR Spectrometer 
Version: 1                         Last Reviewed:  
 
*Note: This Standard Operating Procedure must be reviewed after any accident, 
incident or near-miss; if adopted by a new work group; if equipment is relocated, 















Approver    
Special Approval    
Next Review Date:  
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1. Scope and Applicability 
 
This Standard Operating procedure (SOP) is for the following portable FTIR spectrometer: 
Model: TruDefender FTX  
Manufacturer: Thermo Fisher Scientific (https://www.thermofisher.com.au/)   
Supplier: Warsash Scientific Pty Ltd, Redfern NSW 2016 (www.warsash.com.au)  
S/N: S16166 (FX 2120) 
Purchased: July 2017 
 
Fourier transform infrared (FTIR) spectroscopy is an instrumental technique that analyses the 
bonds within a substance (solid, liquid or gas) to give information about its chemical 
composition. The technique can be used in the forensic examination of many evidence types, 
including paint, fibres, plastics, bulk explosives, illicit drugs, environmental pollutants and 
unknown substances. The generation of FTIR spectra requires minimal (if any) sample 
preparation and hence can obtain results quickly, whilst maintaining the integrity of a sample.   
 
The TruDefender FTX is a self-contained, person-portable FTIR spectrometer designed for 
use by first responders, homeland security, military, law enforcement and forensic personnel. 
The instrument is intended to be used as a technique to rapidly identify solid and liquid 
samples in situ. It is not designed for the analysis of trace materials or corrosive substances. It 
is fitted with a solid diamond ATR crystal collection optic. It covers a spectral range of 4000 
to 650 cm
-1 




The purpose of this document is to outline the standard operating procedure for the use of this 
instrument.  
 
Note: Only trained and authorised individuals are permitted to use this equipment.  
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2. Location 
 
The portable FTIR spectrometer will be principally stored and operated in room K16.G.21, 
Building K16, Hawkesbury campus. This room is kept locked and is only accessible to 
authorised individuals.  
 
Given that this is a portable instrument designed for field use, the instrument will also be 
operated at other locations both on Hawkesbury campus (e.g., Building H16, the Crime Scene 
Investigation Training & Research Facility) and off-campus depending on what training and 
research activities are being undertaken. When utilised for field-work, the instrument will be 
stored securely in a locked vehicle or mobile forensic laboratory. Off-campus use may also 




This SOP is for the general operation of the portable FTIR spectrometer, including any 
associated accessories. It does not cover standard procedures for field-work or travel for off-
campus work, nor does it cover the handling of hazardous chemical or biological materials 
that may be analysed using this spectrometer. 
 
4. Personnel and Training 
 
Principal users (including HDR students using the instrument as a major component of their 
project) must receive specific training on the operation of the portable FTIR spectrometer 
before being permitted to operate the instrument without supervision. Principal users need to 
be familiar with both this SOP and the instrument manufacturer’s operating manual. 
 
Research students using the instrument as a minor component of their project will need to 
discuss their requirements with a principal user. In such cases, it is recommended that the 
analyses are conducted by a principal user. Undergraduate students are not permitted to use 
the instrument unless under the direct supervision of a principal user.  
 
5. Health and Safety Warnings, Cautions, Interferences 
 
The instrument is not to be used without proper training.  
 
The battery compartment door can be opened, to replace the battery, to plug the instrument 
into the mains power through an adapter, or to collect data off the instrument using an SD 
card. Otherwise, there are no user-adjustable components inside the instrument. Do not 
modify any of the electronic components within as this may compromise the instrument’s 
performance and render the warranty null and void.  
 
The use of any operating parameters other than those specified within this SOP (and the 
associated user manual) may result in hazardous conditions. Since this instrument is designed 
to identify potentially hazardous or unknown materials, users must follow Western Sydney 
University’s protocols regarding the safe handling of chemical/hazardous substances. 
Relevant safety data sheets (SDSs) for known chemicals can be found through databases 
online and in all K12 laboratories on Western Sydney University, Hawkesbury Campus. It is 
recommended that users have access to their own physical and/or online copy of all SDSs 
relevant to their research. 
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The spectrometer can run off both mains power or via a rechargeable battery pack. When 
using the rechargeable battery, operation time is generally limited to less than 4 hours (with a 
battery recharge time of less than 4 hours). Twelve disposable SureFire™ (single-use) 
batteries are also included with the device, with each of these lasting for about 5 hours.  
 
Warning: Do not attempt to re-charge the disposable SureFire™ batteries. They are ‘single-
use’ only and should be disposed of appropriately after use.   
 
The instrument is to be stored and used within an optimal operating temperature range of -20 
to +40°C (Note, however, that this study found that the portable FTIR instrument does not 
effectively analyse samples when employed at temperatures below 5°C). This will ensure that 
the instrument does not overheat or become affected by condensation. Do not operate the 
instrument in the rain or near bodies of water as electrocution may occur.  
 
The instrument itself is not heavy (~1.4 kg); however, the case that it is contained in is 
relatively heavy (~ 6 kg). Ensure that a correct lifting technique is used to avoid physical 
injury. The instrument must be on a flat, stable surface for the duration of each analysis.  
 
A silicon standard is used to calibrate the instrument. The instrument comes with 5 spare 
silicon standards.  
 
All maintenance and repairs on the instrument are to be performed by a qualified individual 
nominated by the supplier. Such activities are to be recorded in the instrument logbook. 
Unauthorised repairs can compromise the integrity of the spectrometer and as previously 
stated, will render the warranty null and void.  
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6. Personal Protective Equipment 
 
Required PPE, depending on the nature of the samples being analysed, includes the 
following: 
 Splash-proof safety glasses  
 Laboratory coat 
 Enclosed footwear 
 Disposable gloves 
   
7. Permits/Licenses, Special Approval 
 
No permit, licence or special approval – other than the training requirement specified above – 
is necessary to operate this instrument. 
 
8. Pre-Use Instructions 
 
8.1. Equipment & Materials 
 
Basic operation of the spectrometer requires the following: 
 TruDefender FTX operating manual (user guide) 
 Silicone rubber standard (for calibration of the spectrometer) 
 Safety eyewear and other required PPE (as per section 6) 
 SD card (to export recorded spectra) 
 Ethanol or alcohol wipes (to clean sampling area/anvil) 
 
The following accessories are also provided with the instrument: 
 Volatile liquids sampling accessory (small metallic cup that prevents evaporation of 
volatile samples) 
 Sterile cotton-tip swabs (for use when sampling thinly spread liquids/paste type 
samples) 
 Disposable pipettes 
 Spatulas 
 SureFire™ disposable (single-use) batteries 
 USB card reader  
 
The user must ensure that these accessories remain with the instrument in the transport case 
provided. If any consumables are used up, the user must replace these prior to returning the 
instrument to its storage location. 
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8.2. Log Book 
 
Each use of the instrument is to be recorded in the instrument logbook. This is to include the 
date, operator name, purpose, duration of operation, any problems encountered, and operator 
signature. 
 
     8.3. Instrument Set-up 
 
The instrument and associated accessories are to be set up on a clean and stable surface such 
as a laboratory bench or table. Access to mains power is required if the rechargeable or 
disposable batteries are not being used. 
 
Prior to use, the instrument – in particular, the anvil and the sampling stage – is to be checked 
for any damage. If damage is evident then the spectrometer is not to be used and repairs are 
to be arranged. 
 
    8.4. Charging the Internal Battery 
 
Prior to its use, the rechargeable battery should be sufficiently charged if mains power is not 
being used. You can recharge the battery via two methods: 
 
1. Connect the power cable to the instrument (refer to section 11) and plug it into a 
power supply. The battery will automatically charge, even if the instrument is 
powered down. When the battery is fully charged, the light will turn off.  
2. Insert the battery into the battery charger and plug into an electrical outlet. The battery 
charger light changes from RED to GREEN when the battery is fully charged. 
 
It takes approximately 4 hours to recharge the battery. 
 
   8.5. Calibration 
 
The instrument is calibrated using a silicone rubber standard. The silicon standard is to be 
placed onto the sampling stage and pressed into place using the anvil. A sample scan is then 
run using the procedure outlined in section 9.4. The instrument is working correctly if it 
identifies the standard as silicon.  
 




FTIR is best suited for the analysis and identification of organic materials, rather than 
inorganic ones. Inorganic materials have fewer spectral absorption bands and these often 
occur at lower wavenumbers in comparison to organic materials. This results in the 
production of weaker FTIR spectra for inorganic materials. It is also important to note that 
dilute aqueous solutions will return a positive match for water as water strongly interacts with 
infrared light.  
The TruDefender FTX spectrometer is not designed for the analysis of micro or trace 
amounts of sample. Generally, enough material to cover the ATR window is required to 
produce a high-quality, useable spectrum. In most cases, no special sample preparation is 
required. If care is taken when conducting an analysis, the technique is also non-destructive.  
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Typically, the instrument will display a result in less than 30 sec. If a result is not obtained 
within this time frame, the sample may not be suitable for analysis via FTIR spectroscopy. 
Alternatively, the sample may not be in sufficient contact with the sampling stage.  
 
Depending on the nature of the sample, different sampling procedures may be required. 
These are outlined below.  The decision in terms of which sampling procedure to use is left to 
the analyst.  
Recommended sampling procedures: 
Solid Samples 
 
 Solid and powder samples – if possible, grind the sample into granules (no larger than 
the size of typical table salt granules). Place the material directly onto the sampling 
stage and click the anvil into place. When the anvil makes two ‘clicking’ noises, the 
sample will be firmly held in place and a scan is ready to be conducted.  
 Coated tablet-form samples (e.g. whole drug tablet) – scrape off the coating and grind 
the tablet (as explained above for solid and powder samples). To scan the coating 
itself, scrape it off and scan the coating separately. Alternatively, you can place the 
sample directly onto the sampling stage and press the anvil down into place to analyse 
a sample.  
 Spherical or difficult to place materials – A sample accessory (small metal cup that 
holds a sample) is provided with the spectrometer. To analyse a spherical or difficult 
to place sample, place the sample accessory flat side down to create a funnel. Put the 
sample on the sample accessory and use the anvil to hold the sample firmly in place 
whilst it is scanned.  
 Thinly spread pastes – use a swab to collect a sample of the material and then transfer 
the material onto the sampling stage. If the sample is thick, creating closer contact to 
the sampling stage via the use of the anvil is not required.  
 
Liquid Samples 
 Non-volatile liquids – Place a drop of liquid onto the diamond sampling area. The 
highest quality spectra will be obtained when the sampling window (on the sampling 
stage) is completely covered with the material being analysed. 
 Volatile Liquids – Use the sample accessory cup as a protective cap. This will help 
prevent evaporation of the liquid sample before a scan can be conducted. A pipette 
can be used to place a drop of liquid onto the sampling stage before the sampling cup 
is placed on top of it. The anvil is then moved into position and clicked into place so 
that the hole in the sampling cup is sealed off. The anvil itself should not touch the 
liquid. 
 Thinly spread liquids – use a swab to collect a sample of the material. Press the swab 
firmly on the centre of the sampling area to release the collected liquid. Depending on 
the nature of the liquid (volatile or non-volatile), follow the procedure as outlined 
above.    
Note: In extremely cold weather (e.g. use of instrument under sub-zero conditions), liquids 
may freeze on the sampling stage and give an inaccurate scan result.  
 
Friction or shock-sensitive materials (e.g. organic peroxides such as TATP, primary 
explosives, match heads etc.) should not be analysed on this instrument.   
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Mixtures 
 Although the manufacturer states that the instrument is able to identify up to 4 
materials in a mixture, this was not supported by the results from an in-house 
validation study.  
 If analysing a solid-based mixture, ensure the sample is homogenous prior to analysis. 
Volatile liquid samples will most likely evaporate before analysis. Where possible, 
use the liquid sampling cup.  




Note: The operating instructions summarised below are based on information detailed in the 
manufacturer’s operating manual that was supplied at the time of purchase. A physical copy 
of the manual is stored within the instrument’s carry case.  The user should consult the 
operating manual if further information is required. 
 
9.1. System Start-up 
 
If using battery power, simply press the wake/sleep (power) key located in the centre of the 
instrument and then release the key (see section 11 for relevant diagrams). If using mains 
power, connect the power supply and turn the instrument on with the wake/sleep key. When 
the display screen illuminates, the instrument is ready for use. The instrument has 3 power 
states: on, off and power-saving “sleep” mode. When on battery-operated power, the system 
will enter “sleep” mode if left idle for several minutes. To manually put the instrument into 
sleep mode, briefly press the wake/sleep key. To wake the instrument up again, briefly click 
the wake/sleep key again.  
9.2. Opening/Closing the Access Door 
The access door is designed to securely seal the battery compartment and to protect it from 
contaminants. The battery and SD cards are inserted into the region behind the access door.  
Opening the access door 
Place your thumbs on each side of the door bar and push in the direction of the arrows 
indicated on the bar. The tabs located on the ends of the bar will disengage from the slots on 
either side of the door.  
Closing the access door 
Press the door into the opening to completely seat the door gasket into the bottom of the 
instrument. Push the door bar into the horizontal position and make sure that the bar tabs are 
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9.3. Software Operation 
 
The instrument contains an extensive internal database of pre-recorded spectra. Users can 
also add to this library by conducting a ‘library scan’. Detailed instructions on how to do so 
are in the user manual. All items in the library can be searched-against using the alphabetical 
or category tabs. To find a spectrum in the database, select ‘library’ from the main menu and 
press the enter key. Use the arrow keys to scroll through the database. Press the enter key and 
select ‘view info’ to see more information on the selected spectrum.  
 
Information on how to change other software settings (e.g., time, system language, etc.) can 
be found in the user manual.  
 
9.4. Sample Analysis 
 
Once the user determines which sampling procedure (section 8.6) is the most appropriate, a 
sample scan can be run. The FTIR light beam emerges from the centre of the diamond sensor 
area. Because the beam only penetrates a few micrometres into the sample, the sample must 
be in close contact with the diamond sensor area to generate a high-quality spectrum. 
Conducting a scan 
1. Choose the most appropriate sampling procedure (section 8.6). Press the wake/sleep 
key if the instrument is not already powered up. The main menu will appear.  
2. Press the ‘quick scan’ key. The background scan screen will appear. Clean the 
sampling area and anvil tip now.  
3. If you wish to create a new session for the scans you will generate, select the ‘session’ 
button > ‘create new session’ > press enter key. The ‘new session name’ keyboard 
will appear. Enter an appropriate name/accept the default one. Before proceeding, 
ensure that any ethanol/alcohol wipe residues have evaporated and that the sampling 
area is completely dry. Select ‘GO’ by pressing the ‘enter’ key. If the background has 
changed since the last scan, a new background scan will automatically be conducted.  
Note: DO NOT put the sample on the sampling area for the background check. In 
addition, the anvil tip MUST NOT be in contact with the sampling stage during a 
background check.  
4. When the background scan finishes, the ‘position unit’ screen will appear, informing 
you that a sample scan can now be conducted. Follow the recommended sampling 
procedure (section 8.6) for that sample. Ensure that the anvil is positioned over the 
crystal and clicked into place on top of the sample. This will secure the material being 
analysed and will ensure that it is in close contact with the diamond crystal. When two 
clicking noises are heard when turning the knob connected to the anvil, sufficient 
pressure has been applied to the material to ensure good contact with the crystal. DO 
NOT tighten the anvil any further, even if the signal intensity is not sufficient, as 
damage to the crystal or the crystal housing may result. The sample must be prepared 
more appropriately for analysis in that case (for instance, making the sample flatter to 
ensure better contact with the crystal). 
5. To start the actual scan, select ‘scan’ > press the ‘enter’ key. The scan will appear in 
the progress screen. Ensure that the instrument remains steady (avoiding bumps or 
vibrations) for the duration of the scan. The instrument should ideally be placed on a 
flat working surface. A progress bar will appear on the screen that will indicate the 
progress of the scan. The estimated scan completion time and the overall signal 
strength will also be displayed.  
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6. A result will be displayed once a scan is completed. The instrument will perform a 
search against the on-board library and provide a list of potential matching 
compounds (refer below). 
Tips for obtaining high-quality spectra 
 Calibrate the instrument prior to conducting a sample scan 
 Use ethanol or alcohols wipe to clean the sampling stage and anvil prior to analysis. 
Wait for it to dry before conducting a scan.  
 Immediately clean the sampling stage/anvil after each analysis so no cross-
contamination of samples occurs 
 Use the most appropriate sampling procedure (outlined in section 8.6) 
 Place the sample in the centre of the sampling stage 
 Where possible, use the anvil to hold the sample in place. This ensures close contact 
between the material and the diamond crystal. Inadequate contact will lead to poor 
spectra.   
 When possible, grind samples into a fine, powder-like consistency. An even 
consistency will improve the quality of the spectra.   
Sample Scan Results  
The result of a sample scan should be displayed in less than 30 sec. If the scan seems 
prolonged, does not finish, or exhibits poor or no signal strength then the material may not be 
in close enough contact with the sampling stage. Alternatively, the material may not interact 
well (if at all) with infrared light (e.g. pure elements).  
Results can be saved as an SPC file (for use in most standard spectroscopic software), a text 
file, or a JPEG report. When saving and exporting a scan, the file should at least be saved as 
an SPC file if further data processing is to be conducted.  
Viewing a Stored Scan  
All scans are stored in the ‘session folder’ specified in the ‘Select session’ screen. If you 
never create a new session, scans are automatically saved in the default session folder. Use 
the left and right arrow keys to scroll through the session folders.  
1. In the main menu, select ‘review’ > press ‘enter’ key. 
2. Locate a scan by using the up/down key.  
3. Press the ‘enter’ key to select a specific scan.  
4. Select ‘open scan’ > press ‘enter’ key. The scan result will appear.  
Exporting Scans or Sessions 
Scans can be exported onto an SD memory card and transferred onto a computer as follows:  
1. Open the access door according to the steps outlined in section 9.2. Insert the memory 
card into its allocated slot. Orientate the card correctly – arrow pointing towards the 
instrument and notched edge on the left. The instrument does not need to be turned 
off.  
2. Select ‘review’ from the main menu section and press the ‘enter’ key. 
3. Select either a session or the individual scan and press the ‘enter’ key. 
4. Select ‘export scan’ or ‘export session’. Press the ‘enter’ key.  
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5. Select and export format (SPC, text file or JPEG). Press the ‘enter’ key. This will 
export the data onto the memory card.  
6. Remove the memory card and place it into the card reader. Attach the card reader to a 
USB port on a computer to transfer the files across.  
Note: To view SPC files on a computer, you must have appropriate software that enables you 







recommended.   
See section 9.8 for detailed instructions on how to interpret the recorded spectra. 
9.5. Spectral Search 
 
When a sample is analysed using the above procedure, the recorded spectrum is automatically 
searched against the on-board FTIR database. The ‘best match’ according to the database 
search will be presented.  
To reduce the scan time, you can restrict a library search to factor in specific materials of 
interest, or to search against only ‘user-added’ spectra. This is recommended for when a user 
is only interested in ‘user-added’ spectra. Refer to the instrument manual for more 
information.  
 
9.6. System Shut-down 
 
To turn off the instrument, press the wake/sleep key for several seconds.  
 
After shutting down the system, make sure that all entries in the instrument logbook are 
completed. Pack up the system and place it back in its allocated position inside the carry case. 
Re-stock the case with any materials that were utilised during the use of the instrument (e.g., 
cotton-tip swabs, disposable gloves etc.) 
 
9.7. System Re-booting 
If the system becomes unresponsive, reboot it by turning it off/on again. Contact the 
instrument supplier if the re-boot procedure fails.  
 
9.8. Spectral Interpretation and Reporting 
 
Interpreting a Scan Result 
When a scan is conducted and the sample is matched to an item in the database, the following 
information is also provided with the scan result: 
 Library categories to which the identified item is assigned 
 CAS (chemical abstracts service) number – an international chemical naming and 
categorization reference for the library item 
 National Fire Protection Association (NFPA) diamond classification – colour codes 
for the diamond: Red (flammability), Blue (level of health hazard), Yellow 
(chemical reactivity) and White (unique hazard codes) 
 Hazard number scale: 0 (no hazard) – 4 (severe risk)  
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Potential Scan Results 
The following types of ‘scan results’ are possible:  
1. No match – the data that was collected did not match anything in the existing library, 
including  
2. Single positive match – data collected only matched one library item. 
3. Multiple positive matches – the data collected matches 2 or more library ite 
4. Similar item match – this result indicates that the data is similar to one or more library 
items. This does not mean that the listed item is present, only that the collected data 
resembles the identified item in some respects. 
5. Mixture Match – the data matches a mixture of library items. In this case, a 
percentage is provided which indicates the proportion of the data that matches each 
individual item.  
Note: The percentages are NOT concentrations. The percentages provided will also not add 
up to 100% if any of the data cannot be matched. Mixture identifications are complex – they 
are more susceptible to false positives than the ‘single positive’ or ‘multiple positive’ results.  
Using the Scan Results 
Typically, FTIR spectroscopy is employed to either:  
 Identify an unknown material; or 
 Compare two materials to see if they may be from the same source. 
 
Identification of an unknown substance using FTIR spectroscopy is achieved by comparing 
the spectrum of the unknown material with that of known standard material stored in a 
database or published in the literature. If available, the FTIR spectrum of an authentic sample 
can also be recorded for comparison. It is useful to view the FTIR spectra overlaid on a 
common scale to facilitate the comparison of an unknown spectrum with reference spectra.  
Comparison of multiple spectra from the same sample will permit an evaluation of within-
sample variation. The extent of within-sample variation may be important in determining 
whether differences between two samples are significant or not.  
 
If the FTIR spectrometer is being used to identify a compound:  
 The identified compound is reported and the reference library used should be noted.  
 The presence of other compounds (if applicable) within the tested sample should also 
be reported.  
 
If the FTIR spectrometer is being used to compare two samples:  
 Comment should be made on the within-sample variation of the items analysed. 
 The presence or absence of significant differences between samples should be 
reported.  
 
If two samples are compared (e.g., paint chips or textile fibres) and no significant difference 
is observed between the recorded spectra, then it is possible to conclude that the result 
supports the proposition that the two samples are from the same source. 
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All samples/materials must be safely and correctly disposed of according to relevant SDS 
instructions. The SDS for any material used in an experiment should be readily accessible to 
the researcher. A physical copy of the SDS for common materials can be found in all K12 
research labs (Hawkesbury campus). It is highly recommended that a researcher maintains 
their own SDS copy for each sample/material they will handle. 
 
If the sample is of an unknown nature, it must be disposed of in a hazardous samples bin 
located in the research facility. Detailed cleaning procedures for the instrument are located in 
the instruction manual. It is important to clean the sampling stage and anvil with ethanol or 
an alcohol wipe prior to and after each analysis.  
11.   Appendices 
 
11.1. Instrument Specifications & Accessories 
 
TruDefender FTX field-portable FTIR spectrometer: 
 Weight: 1.4 kg (excluding case and accessories) 
 Size: 22.61 cm x 11.43 cm x 5.33 cm 
 Spectral range: 4000 to 650 cm-1 
 Spectral resolution: 4 cm-1 
 Collection Optics: Solid diamond ATR crystal 
 Survivability: independently tested for MIL-STD-810G and IP67 certification 
 Data export formats: SPC file (standard), JPEG report or text file 
 Battery: removable and rechargeable lithium-ion battery or 123a (SureFire™) 
batteries 
 External power supply: wall plug transformer (100-240 VAC 50/60 Hz) 
 Operating temperature range: -20°C to +40°C 
 Operating system languages: English, Chinese, German, Russian and Arabic 
(English library) 
 Carry case contents: spare anvil caps (x5), battery charger, 12x pack SureFire™ 
batteries, spare knob, power cable and adapters, spare rechargeable battery, SD card 
and USB card reader, sampling accessory cup, sampling sticks, spatula, swabs, 
pipettes, alcohol wipes and a self-test sample (silicon standard).  
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(flips up when in 
use) 
Quick scan key 
(displays the scan 
screen or initiates a 
scan)   
Arrow keys to select 
menu items    
Wake/sleep (power) 
button     
Escape key (Press 
and hold to return to 
main menu)   
Flip screen key (flips 
the display screen 
orientation)   
Enter key    
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Power cable and 
adapters 
Memory card and USB 
memory card reader  
Battery   Sampling accessory 
cup  
Spectrometer  Self-test silicon 
standards (x5) 
Assorted accessories (sampling 
sticks, pipettes, spatulas, swabs 
and alcohol wipes) 
Note: Beneath the spectrometer there is another section of the carry case. This section contains a 
spare anvil knob; spare anvil caps (x5), a 12 pack of SureFire™ batteries and a battery charger.  
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12. Definitions and Acronyms  
 
ATR  Attenuated Total Reflectance  
Frequency  The number of cycles (whole waves) per unit time  
FTIR Fourier transform infrared  
IR  Infrared  
NIR  Near-infrared  
PPE  Personal Protective Equipment  
SOP Standard Operating Procedure  
Spectroscopy  The study of the interaction between electromagnetic radiation and 
matter 
Wavelength  Distance between successive crests in an electromagnetic wave, 
usually given in nanometres (nm) for the visible and NIR regions  









TruDefender FTX User Guide, Thermo Scientific, 2013 (physical manual only provided at 
the time of instrument purchase).  
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14. Document Information 
 
Version Control 
Version Author  Reason for review Date 
1.0 Chantelle Attard New SOP 29/01/2019 






Current electronic copies are stored in the ‘Signed PDF’s folder on the WHS 
Documentation SharePoint site: 
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Appendix 4 – ‘Tiny Tag’ sensory data for portable FTIR 
 
Table 4.1. ‘Tiny Tag’ sensory data – Temperature and humidity recorded at different 
environments where the portable FTIR spectrometer was evaluated 
Environment Time Temperature (°C) Humidity (% RH) 
1) Outside (In the 
middle of a field 
near building 
H16) 
9 am 34 22 
12 pm 40 25 
3 pm 36 25 
2)  Inside a 
warehouse-type 
building 
9 am 19 57 
12 pm 21 53 
3 pm 21 50 





9 am 21 67 
12 pm 31 42 
3 pm 27 55 






















9 am 23 60 
12 pm 24 53 
3 pm 24 43 
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Appendix 5 – Portable Raman results for mixtures analysed in this study 
Note: The corresponding spectra for all mixtures analysed in this study are located in the 
supplementary appendix submitted with this thesis 
 


















100:0 2:0 Sodium bicarbonate 
(only) 
1 0.007 
90:10 1.8:0.2 Sodium bicarbonate   8 0.418 
Plain flour  1 0.353 
80:20 1.6:0.4 Sodium bicarbonate Not 
identified 
- 
Plain flour 1 0.139 
70:30 1.4:0.6 Sodium bicarbonate Not 
identified 
-  
Plain flour 1 0.055 
60:40 1.2:0.8 Sodium bicarbonate Not 
identified 
- 
Plain flour 1 0.019 
50:50 1.0:1.0 Sodium bicarbonate Not 
identified  
- 
Plain flour 1 0.012 
40:60 0.8:1.2 Sodium bicarbonate Not 
identified 
- 
Plain flour 1 0.011 
30:70 0.6:1.4 Sodium bicarbonate Not 
identified 
- 
Plain flour 1 0.005 
20:80 0.4:1.6 Sodium bicarbonate Not 
identified  
- 
Plain flour 1 0.004 
10:90 0.2:1.8 Sodium bicarbonate Not 
identified 
- 
Plain flour 1 0.006 
0:100 0:2 Plain flour (only) 1 0.003 
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100:0 2:0 Acetone (only) 1 0.001 












60:40 1.2:0.8 Acetone  
(First match was a 




Methanol 13 0.586 
50:50 1.0:1.0 Acetone  
(First match was a 




Methanol 7 0.520 
40:60 0.8:1.2 Acetone  Not 
identified 
- 
Methanol 1 0.325 
30:70 0.6:1.4 Acetone  Not 
identified 
- 
Methanol 1 0.180 
20:80 0.4:1.6 Acetone  Not 
identified 
- 
Methanol 1 0.071 
10:90 0.2:1.8 Acetone Not 
identified 
- 
Methanol 1 0.021 
0:100 0:2 Methanol (only) 1 0.007 
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100:0 2:0 Paracetamol (only) 1 0.005 
90:10 1.8:0.2 
























Paracetamol 1 0.118 
Ibuprofen 5 0.527 
40:60 0.8:1.2 
Paracetamol 1 0.115 
Ibuprofen 6 0.531 
30:70 0.6:1.4 
Paracetamol 1 0.190 
Ibuprofen 2 0.411 
20:80 0.4:1.6 
Paracetamol 2 0.455 
Ibuprofen 1 0.159 
10:90 0.2:1.8 
Paracetamol 2 0.513 
Ibuprofen 1 0.133 
0:100 0:2 Ibuprofen (only) 1 0.019 
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Sample amount  
(grams) 





100:0:0 2:0:0 Paracetamol 1 0.020 
0:100:0 0:2:0 Ibuprofen 1 0.025 
0:0:100 0:0:2 Caffeine 1 0.016 
80:10:10 1.6:0.2:0.2 
Paracetamol 1 0.034 
Ibuprofen - - 
Caffeine - - 
10:80:10 0.2:1.6:0.2 
Paracetamol - - 
Ibuprofen 1 0.095 
Caffeine - - 
10:10:80 0.2:0.2:1.6 
Paracetamol - - 
Ibuprofen - - 
Caffeine 1 0.079 
60:20:20 1.2:0.4:0.4 
Paracetamol 1 0.073 
Ibuprofen 20 0.741 
Caffeine - - 
20:60:20 0.4:1.2:0.4 
Paracetamol 1 0.292 
Ibuprofen 2 0.411 
Caffeine 11 0.643 
20:20:60 0.4:0.4:1.2 
Paracetamol 5 0.612 
Ibuprofen - - 
Caffeine 1 0.225 
33.3:33.3:33.3 0.66:0.66:0.66 
Paracetamol 1 0.218 
Ibuprofen 7 0.596 
Caffeine 6 0.577 
20:40:40 0.4:0.8:0.8 
Paracetamol 3 0.525 
Ibuprofen 5 0.572 
Caffeine 1 0.313 
40:20:40 0.8:0.4:0.8 
Paracetamol 1 0.201 
Ibuprofen 20 0.721 
Caffeine 3 0.549 
40:40:20 0.8:0.8:0.4 
Paracetamol 1 0.105 
Ibuprofen 9 0.644 
Caffeine - - 
10:30:60 0.2:0.6:1.2 
Paracetamol 10 0.650 
Ibuprofen 9 0.646 
Caffeine 1 0.225 




Paracetamol 1 0.238 
Ibuprofen 2 0.437 
Caffeine - - 
60:10:30 1.2:0.2:0.6 
Paracetamol 1 0.068 
Ibuprofen - - 
Caffeine - - 
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Sample amount  
(grams) 





100:0:0 2:0:0 Acetone 1 0.001 
0:100:0 0:2:0 Methanol 1 0.001 
0:0:100 0:0:2 Kerosene 1 0.046 
80:10:10 1.6:0.2:0.2 
Acetone 1 0.019 
Methanol - - 
Kerosene - - 
10:80:10 0.2:1.6:0.2 
Acetone - - 
Methanol 1 0.099 
Kerosene - - 
10:10:80 0.2:0.2:1.6 
Acetone - - 
Methanol - - 
Kerosene 15 0.297 
60:20:20 1.2:0.4:0.4 
Acetone 1 0.082 
Methanol - - 
Kerosene - - 
20:60:20 0.4:1.2:0.4 
Acetone - - 
Methanol 1 0.331 
Kerosene - - 
20:20:60 0.4:0.4:1.2 
Acetone 10 0.511 
Methanol - - 
Kerosene 1 0.392 
33.3:33.3:33.3 0.66:0.66:0.66 
Acetone 2 0.412 
Methanol 3 0.426 
Kerosene - - 
20:40:40 0.4:0.8:0.8 
Acetone - - 
Methanol 15 0.518 
Kerosene - - 
40:20:40 0.8:0.4:0.8 
Acetone 1 0.317 
Methanol - - 
Kerosene - - 
40:40:20 0.8:0.8:0.4 
Acetone 1 0.287 
Methanol 4 0.403 
Kerosene - - 
10:30:60 0.2:0.6:1.2 
Acetone - - 
Methanol 15 0.514 
Kerosene 1 0.385 





Acetone 16 0.553 
Methanol 2 0.420 
Kerosene - - 
60:10:30 1.2:0.2:0.6 
Acetone 1 0.092 
Methanol - - 
Kerosene - - 
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Table 5.6 Mixture combination 6: Paracetamol, ibuprofen, caffeine and starch – 









Sample amount  
(grams) 







Paracetamol 1 0.072 
Ibuprofen - - 
Caffeine - - 
Starch - - 
40:20:20:20 0.8:0.4:0.4:0.4 
Paracetamol 1 0.119 
Ibuprofen - - 
Caffeine - - 
Starch - - 
25:25:25:25 0.5:0.5:0.5:0.5 
Paracetamol 1 0.367 
Ibuprofen 11 0.701 
Caffeine 3 0.550 
Starch - - 
5:40:40:15 0.1:0.8:0.8:0.3 
Paracetamol - - 
Ibuprofen 7 0.656 
Caffeine 1 0.284 
Starch - - 
10:20:30:40 0.2:0.4:0.6:0.8 
Paracetamol - - 
Ibuprofen - - 
Caffeine 1 0.256 
Starch 20 0.730 
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Acetone 1 0.100 
Methanol - - 
Kerosene - - 
Vinegar - - 
40:20:20:20 0.8:0.4:0.4:0.4 
Acetone 1 0.594 
Methanol 17 0.772 
Kerosene - - 
Vinegar - - 
25:25:25:25 0.5:0.5:0.5:0.5 
Acetone 4 0.738 
Methanol - - 
Kerosene - - 
Vinegar - - 
5:40:40:15 0.1:0.8:0.8:0.3 
Acetone - - 
Methanol 1 0.338 
Kerosene - - 
Vinegar - - 
10:20:30:40 0.2:0.4:0.6:0.8 
Acetone - - 
Methanol 10 0.723 
Kerosene 6 0.712 
Vinegar - - 
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Table 5.8 Different concentrations of materials in a water matrix – portable Raman 
results 
Mixture Ratio 
Identification by Raman database 
ID Hit-quality Match value 
Starch in water 
90:10 
Starch not identified, 
however, plain flour was 
identified (hit-quality of 
6) 
- - 
70:30 Starch 1 0.009 
50:50 
Starch not identified, 
however, plain flour was 




Starch not identified, 
however, 100% 
cellulose (hit-quality of 
3 and plain flour was 
identified (hit-quality of 
6) 
- - 
10:90  - - 
Paracetamol in 
water 






























White paint (liquid form 
– Dulux vivid white) 
15 0.421 
70:30 
White paint (liquid form 
– Dulux vivid white) 
15 0.420 
50:50 
White paint (liquid form 
– Dulux vivid white) 
1 0.240 
30:70 
White paint (liquid form 
– Dulux vivid white) 
15 0.410 
10:90 
White paint (liquid form 
– Dulux vivid white) 
15 0.419 
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Appendix 6 – Portable FTIR results for mixtures analysed in this study 
Note: The corresponding spectra for all mixtures analysed in this study are located in the 
supplementary appendix submitted with this thesis 










(SPC file of major 
component identified) 
100:0 2:0 Sodium bicarbonate 002 





































20:80 0.4:1.6 Unbleached flour 010 
10:90 0.2:1.8 Unbleached flour 011 
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(SPC file of major 
component) 














Vandium (V) Oxyflouride (38%) 
027 
60:40 1.2:0.8 No match found 028 
50:50 1.0:1.0 
Methanol (65%) 








Acetone (in water) (4%) 
031 
20:80 0.4:1.6 
Methanol – but warning is given: 
“similar item found, therefore, 
need to verify by other methods” 
032 
10:90 0.2:1.8 Methanol 033 
0:100 0:2 Methanol 034 
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(SPC file of major 
component) 
100:0 2:0 Paracetamol 013 
90:10 1.8:0.2 Paracetamol 014 
80:20 1.6:0.4 
Paracetamol – but warning given: 
“similar item found, therefore, 
need to verify by other methods” 
015 
70:30 1.4:0.6 
Paracetamol – but warning given: 
“similar item found, therefore, 






















10:90 0.2:1.8 Ibuprofen 022 
0:100 0:2 Ibuprofen 023 
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Saved scan of 
major component 
100:0:0 2:0:0 paracetamol 002 
0:100:0 0:2:0 Ibuprofen 003 




Caffeine (not detected) 
005 
10:80:10 0.2:1.6:0.2 
Ibuprofen (similar item found –verify 
with other method) 
006 
10:10:80 0.2:0.2:1.6 Caffeine (only) 007 
60:20:20 1.2:0.4:0.4 
Paracetamol (84%) 





Acetone in water (3%) 
009 
20:20:60 0.4:0.4:1.2 
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Saved scan of 
major 
component 
100:0:0 2:0:0 Acetone 018 
0:100:0 0:2:0 Methanol 019 
0:0:100 0:0:2 Kerosene 020 
80:10:10 1.6:0.2:0.2 
Acetone (“similar item found – verify 







No match/ID – molecular signal too low 











No match/ID – molecular signal too low 
to reliably ID material 
026 
33.3:33.3:33.3 0.66:0.66:0.66 
No match/ID – strong molecular signal 




No match/ID – strong molecular signal 




No match/ID – strong molecular signal 





Other components – Vanadium (V) 
oxyfluoride and various ketones 
030 
10:30:60 0.2:0.6:1.2 
No match/ID – strong molecular signal 




No match/ID – strong molecular signal 




Acetone – (“similar item found, verify 
with other means”) 
033 
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Table 6.6 Mixture combination 6: Paracetamol, ibuprofen, caffeine and starch – 






Sample amount (grams) 
Database 
identification 
Scan (file) number 
100:0:0:0 2:0:0:0 Paracetamol 010 
0:100:0:0 0:2:0:0 Ibuprofen 011 
0:0:100:0 0:0:2:0 Caffeine 012 
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Database identification Scan (file) number 
100:0:0:0 2:0:0:0 Acetone 006 
0:100:0:0 0:2:0:0 Methanol 007 
0:0:100:0 0:0:2:0 Kerosene 008 
0:0:0:100 0:0:0:2 Methanol 009 
70:10:10:10 1.4:0.2:0.2:0.2 
Acetone in water (81%) 
Acetone (12%) 




Acetone in water (69%) 











Acetone in water (2%) 
004 
10:20:30:40 0.2:0.4:0.6:0.8 
No match – molecular signal 





  Page | 182  
Table 6.8 Different concentrations of materials in a water matrix – portable FTIR 
results 
Mixture Ratio FTIR Identification  
Starch in water 
90:10 
Corn starch – other similar starch products 
suggested as well (unbleached flour, 
maltodextrin, wheat starch, baby powder, 
maltotriose hydrate, corn dextrin).  
70:30 
Amylose (from potatoes) and amylopectin (78%) 
and water (3%) 
50:50 Corn sugar solution (mixture)  
30:70 
Water (94%) and amylose (from potatoes) and 
amylopectin (1%) 
10:90 Water  
Paracetamol in water 
90:10 Paracetamol 
70:30 Paracetamol (93%) and Water (1%) 
50:50 Paracetamol (92%) and Water (2%) 
30:70 Paracetamol (88%) and Water (5%) 
10:90 Water 




Water (63%), Dibutyl adipate (19%) and Benzyl 
butyrate (6%) 
70:30 
Water (70%), Dibutyl adipate (14%) and Benzyl 
butyrate (5%) 
50:50 Water (79%) and methyl formate (1%) 
30:70 Water  
10:90 Water  
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Appendix 7 – Analysis of casework samples at the ‘Department of Planning, Industry and 















Figure 7.1 Portable Raman spectra of unknown samples – Samples A1 to A10.   















Figure 7.2 Portable Raman spectra of unknown samples – Samples B1 to B9. 

















Figure 7.3 Portable Raman spectra of unknown samples – Samples C1 to C5.   
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1.6  Engine oil  
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1.16  Salt – Spectra not added to Raman database due to poor quality 
 









1.18  Sodium bicarbonate 
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1.20  Vinegar  
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1.29  Caffeine  
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Appendix 2 – Determining the optimal Raman sampling accessory to use, depending on the amount 
and type of sample available for analysis  
2.1 – Vial holder accessory (liquid sample) – resulting spectra when different amounts of methanol are analysed to determine the minimum 
amount of sample required  
  
A) Methanol (2 mL) – Full vial  
B) Methanol (0.50 mL) – Above laser mark 
C) Methanol (0.40 mL) – In line with laser mark  
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2.2 – Vial holder accessory (powder sample) – resulting spectra when different amounts of paracetamol are analysed to determine the minimum 
amount of sample required  
 
A) Paracetamol (2 mL) – Full vial  
B) Paracetamol (0.5mL) – Above laser mark 
C) Paracetamol (0.4 mL) – In line with laser mark  
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2.3 – XYZ stage accessory – resulting spectra for liquid samples analysed  
   
A) XYZ stage_sunflower oil_above1mL 
B) XYZ stage_sunflower oil_below1mL 
C) XYZ stage_methanol_above1mL 
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2.4 – XYZ stage – resulting spectra for powder samples analysed 
   
A) XYZ stage_powdered paracetamol_above0.5g 
B) XYZ stage_powdered paracetamol_below0.5g 
C) XYZ stage_starch_above0.5g 
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A) Direct probe_ibuprfoen tablet 
B) Direct probe_paracetamol tablet 
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Appendix 3 – Evaluation of portable Raman spectrometer under 
different environmental conditions  
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3.6  Paracetamol (powdered) 
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Appendix 4 – Portable FTIR: Determining sample amount and types required for analysis 
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Appendix 5 – Evaluation of the Portable FTIR spectrometer 
under different environmental conditions 
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5.6  Paracetamol (powdered) 
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5.8  Sodium bicarbonate (Duplicate) 
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5.10  Sunflower oil 
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Appendix 6 – Comparison of portable Raman and laboratory-based Raman spectrometer data 
Spectra for all 13 materials analysed using the portable Raman spectrometer and the laboratory-based spectrometer  
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6.7 – Laboratory-based Raman spectra for (A) Sugar and (B) Sodium bicarbonate (Note: Acetone file was corrupted and could not be re-opened 
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Appendix 7: Comparison of the portable FTIR spectrometer to the laboratory-based FTIR 
spectrometer data 
Spectra for all 13 materials analysed using the portable FTIR spectrometer and the laboratory-based spectrometer   
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7.1 (continued) – Portable FTIR spectra of powder samples analysed - (A) Acetone, (B) sugar and (C) Sodium bicarbonate  
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Appendix 8 – Portable Raman mixtures analysis: Mixtures analysed using the vial holder accessory  
8.1 – Two sample mixtures – Acetone and methanol  
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8.2 – Two sample mixtures – Paracetamol and Ibuprofen 
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8.3 –  Two sample mixtures – Sodium bicarbonate and plain flour 
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8.4 –  Three sample mixtures – Acetone, Methanol and Kerosene 
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8.4 –  (continued) Three sample mixtures – Acetone, Methanol and Kerosene 
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8.5 –  Three sample mixtures – Paracetamol, Ibuprofen and Caffeine  
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8.5 –  (continued) Three sample mixtures – Paracetamol, Ibuprofen and Caffeine  
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8.6 –  Four sample mixtures – Acetone, Methanol, Kerosene and Vinegar 
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8.7 –  Four sample mixtures – Paracetamol, Ibuprofen, Caffeine and Starch  
  
Chantelle Attard | Master of Research | Supplementary Appendix | page 56 
 
Appendix 9 – Portable Raman mixtures analysis: Mixtures analysed via the microscope accessory 
9.1 – Mixtures analysed via Raman microscope accessory  
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9.1 –  (Continued) Mixtures analysed via Raman microscope accessory  
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Appendix 10 – Portable Raman analysis of mixtures in a water matrix 
10.1 –  Liquid paint – Different concentrations in water 
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10.2 –  Starch – Different concentrations in water 
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10.3 –  Paracetamol – Different concentrations in water  
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Appendix 11 – Portable FTIR analysis of mixtures 
11.1 –  Two sample mixtures – Acetone and methanol 
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11.2 –  Two sample mixtures – Paracetamol and ibuprofen  
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11.3 –  Three sample mixtures – Acetone, methanol and kerosene   
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11.3 –  (continued) Three sample mixtures – Acetone, methanol and kerosene  
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11.4 –  Three sample mixtures – Paracetamol, ibuprofen and caffeine 
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11.4 –  (continued) Three sample mixtures – Paracetamol, ibuprofen and caffeine  
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11.5 –  Four sample mixtures – paracetamol, ibuprofen, caffeine and starch  
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11.6 –  Four sample mixtures – Acetone, methanol, kerosene and vinegar    
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Appendix 12 – Portable FTIR analysis of mixtures in a water matrix 
12.1 –  Liquid paint – Different concentrations in water 
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12.2 –  Starch – Different concentrations in water 
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Appendix 13 – Blind sample testing via portable Raman and FTIR spectroscopy 
13.1 –  Portable Raman results of blind samples (‘unknowns’) – Mixture 1 
  
Chantelle Attard | Master of Research | Supplementary Appendix | page 73 
 
13.2 –  Portable Raman results of blind samples (‘unknowns’) – Mixtures 2 – 9 
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13.4 –  Portable FTIR results of blind samples (‘unknowns’) 
 
